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1st issuing a Fourth Edition of the present work, I feel it incumbent 
upon me, as the Publisher, to offer a few remarks in reference to an 
article in the Athetumwi of March 13th, 1858, which article, under 
the assumed character of a Review of Baker's Mensuration, contains 
charges injurious alike to the Author and to myself, and to give 
publicity to which seeius to have been the sole object of the writer. 

The Reviewer haa coupled together, in his production, two books 
on Mensuration — one b^ Mr. Elliot, and thu other by Mr, Baker ; 
and the single point he aims at establishing is that the latter Author 
has plagiarised from the former. 

Upon his own showing, the Reviewer has been in previous c&$* 
respondenee with Mr. Elliot, and has been supplied with letters, 
passing between IV Jr. Elliot, Mr. Baker, mid myself; by aid of thesa 
he is enabled, he thinks, to substantiate a cbarae of r^giarism 
against Mr. Baker, and consequently fo kn/dicate n*e 'hi -oraling in 
■ji goods. ■ - ' I *-" ' ' 

Now. to those who have not read fcfce \' Ycmarka, it is 

necessary to state that all the alleged Jla^iaVism*. < .n i i of certain 
S with which hooka on ' Meusuratioti usually 
abound, and which are given as exercises . to wori 

"lit. As everybody knows, these questions- involve in general but 
arbitrary suppositions, and seldom have any reference t>> actually 
existing cucumstances or matters of fact. I here quote two, which — - 
although the numbers are altered in Mr. Baker's statements of 
them — are adduced as plagiarisms from Mr. Elliot : 

1. K A ladder ia to be placed ao as to reach a window, the sill of 
which is 67^ feet from the ground ; the foot of the ladder cannot 1 ti 
brought nearer than 36 feet from the wall : what length of ladder 
will tie sufficient ] Answer, 70^ feet.* 1 

In Mr, Baker's version, the given members being dh?erent> the 
answer is 3Sj[ feet 

2. li A ladder standing upright beside a wall 100 feet high 
roaches the top; how far may the foot of the ladder lie remove 

i the wall, and still reach within 6 inches of the top? Answer* 
10 toet." 

This question too, though substantially the same in Baker (see 

lion 11, p. 21), is nevertheless considerably modified, and is 

certainly not copied. 

Now, I woidd ask any candid person, familiar with echoolhcKft: 
this kind, whether questions such, aa tiie. atamfc ax&'n$& < 
l2J - and whether there is & yuvrtide «t \i\ftv\V vu 
demerit in copying tliem! 
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If the Lv viewer wish to further employ his talents in this 

u, 1 oan furnish him with an ample crop of xna teirial& 

if be have ever written a book on Mensuration or on AJ; 

itiffiftelf I v, ill undertake to «upply him with the like mat 

from hia own work, bo that he inay profitably review himself. 

Did the Reviewer ever see the question aliout the po^t being 
much b mud, 90 much in water, and so much above the water 1 

I dare say he can tall me in what book on Algebra that i 
can he tell in what book on Algebra it does not occur 7 

I might make the same inquiry about the ji&h t which every book 
on Algebra serrea up— head, body, and tail. And he ought to k 
that questions about ladders strutting across streets, and reaching 
windows, are quite as hackneyed as these. 

Such is the nature of the literary delinquencies brought against 
the author of this book - but the Be viewer gathers — not from tha 
book- — but from the private letters before alluded to, that Mr. Baker 
has affirmed what is not true* Mr* B. denies having seen ^1 
work, and the Reviewer dwells a good deal upon his moral delin- 
quency* Is it the office of the Reviewer to assume the function fif n 
pubHc'JttKqctoc of morajsj even though the offence be confined to » 

But, even pn this pofnt, the'Kbviewei* , s evident desire to danmge 
the Author" a£& hj** w<3rl^ ijas hurried him to hasty concilia 
Mr, Elliot "bail jvrft&i life works on Mensuration, in size and 
arance totally unlike, ancl put forth by different publishers, 

Mr* Bakei£*^w&s^ii"<$TJty^ collected all the books on the subject 
he could, during thecompittimti of his own; and he did so expressly 
with the view Deselecting questions: I presume the general practice 
of all compilers of such treatises. He has no doubt about having 
seen one of Mr. Elliot's two works } but the very different book from 
which he is charged with copying, I am perauaded he never did se& 
As the Be viewer is so rigid a judge in matters of plagiarism, I 
think he ought, in consistency^ to rebuke Mr. Elliot for copying 
even from himself. 

I have only to say, in conclusion, that it has always been my most 
anxious endeavour to secure, for my series of Rudimentary Treat i 
writers of ability and reputation \ and I respectfully, but confidently, 
leave the public to judge whether this endeavour haa not been on 
llii- whole succesHful. Ami 1 cannot but complain that anyw. 
in a lit- i :i iv jmnnal hIiohM attempt to frustrate my honour 
efforts, and injure property on which I have expended a very 1 
outlay, by insinuations, as unjust as they are injurious, that 
connive at an infringement of the rights of others. 



JOHN WEALE. 












will at once be seen that condensation of the materials pro* 
ced by previous authors, and the introduction of a judicious 
action of matter, adapted to the expanded intellect of the 
sent age, are the proper requisites for a work on Mensuration, 
this plan, the author trusts, from his long experience in en* 
eering pursuits, that he has strictly adhered. In the first 
rt, on Practical Geometry, numerous examples are intro- 
ced, wherein the dimensions of certain parts are given to find 
le dimension of their corresponding parts, which has been rarely 
r never done by previous authors. This part is succeeded by a 
eeond part, on the Mensuration of Lines; which is not 
dded for the sake of novelty only, bat because it seemed to be 
le natural order of a work of this kind* The third and fourth 
*arts treat of the Mensuration op Superficies and of 
olids ; while in all the three last-named Parts the rules are 
not only given in words at length, in the usual way, but the same 
rules are expressed by Formula, together with other formuhe 
spending thereon, by which the rules receive considerable exten- 
sion. Some of the rules and examples are taken verbatim from 
)r, Button s Menmration; for the author conceives that it would 
fl disreputable to attempt, by verbal alterations in such rules, to 
^ve an air of originality to his work, as all other authors have 
"in since Dr. H.*s time: the originality of this work consists in 
he new matter, everywhere added, to adapt it to the wants of 
modern times. Timber measuring and Artificers' work, the latter 
With considerable modern improvements, arc next introduced, 
with concise and practical methods of rinding the surfaces and 
alidities of vaulted roofs, arches, domes, &e. 
Concise, and the author trusts, clear systems of land sunt -yiiiir, 
\g r laying out railway curves and iinding the Contests of 
Nil way cutting; ♦ complete the work, and serve as an introduction 
& the author's Land and Engineering Surveying, which con- 
tains everything adapted to modern practice that can be de- 
ired, an extension to this subject having been first given bj 
uthor, not found in any work previous to those writteu. Ivj " 
tee pages 1/9 and 203 of that work. 
The demonstrations of all the mAes aTkd km\iU/w Swe 



leading parts of the work, will be found in Dn Mutton's Large 
Mensuration and in the Rudimentary Geometry ; the remainder 
of the demonstrations will he found in the author's Railway En~ 
gineering or in his Land and Engineering Surveying* 

Conic Sections and their solids are very briefly treated of in 
the four preceding parts of the work, and chiefly in as far as 
they may be useful to those who may intend to become excise 
officers, whose actual practice is best learnt from an experienced 
officer. Thus an extended article, such as is usually giren by 
other authors, is avoided, as not being generally useful to pr 
tical men. 

The weights and dimensions of balls and shells may be fou 
by Prob. YIIL, Part IV, , in conjunction with the Table and 
Rules for finding the specific gran tics of bodies, if required. 

The method of piling balls and shells, finding their number 
in a given pile, and the quantity of powder contained in a give 
shell or box, form no essential part of a work on mensuratio 
being only useful in an arsenal^ and are, therefore, also omitted 
The author has thus secured ample space for the discussion 
subjects really useful to the great majority of students mid pra 
tical men! in the compass of a volume less than half the size an 
one-fifth of the price of the works of his predecessors ; besid 
adding matter, adapted to the wants of modern times, not fou 
in any existing work on mensuration. 

The plan being thus briefly detailed, it will now he prope 
previous to studying the following work, to give the following 

DIRECTIONS FOR BEGINNERS, 

The beginner, for a first course, may omit the Problems 
yontl the thirty-second in Practical Geometry } and Problen 
III., VIII., IX.. j XI., and XII., in the Mensuration of Ln 
with the formuhe and examples depending on them. He ma 
also omit all the formula 1 in the Mensuration of Superficies j 
Solids, with the examples depending on them,, as well as 
Problems beyond the tenth in the Mensuration of Solids, exce 
it is required he should learn the method of gauging casks, 
which case omit only the two last problems. But if he require 
au extensive knowledge of some or all the subjects here treated 
of j be will do well to learn the use of such of the formulae and 
the other parts, omitted in the first course, according to what he 
may require as a practical man. 
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MENSURATION. 



Mensuration treats of the various methods of measuring and 
estimating the dimensions and magnitudes of figures and bodies. 
It is divided into four parts, viz., Practical Geometry, and Men- 
suration of Lines, of Superfices, and of Solids, with their several 
applications to practical purposes. 



PART I. 



PRACTICAL GEOMETRY. 

DEFINITIONS. 

1. A point has no dimensions, neither length, breadth, nor 
thickness. . 

2. A line has length only, as A. . ___ 



3. A surface or plane has length and 
breadth, as B. 

4. A right or straight line lies wholly in the same direction, 
asAB. 

5. Parallel lines are always at the same A B 

distance, and never meet when prolonged, c D 

as AB and CD. 

6. An angle is formed by the meeting of A 
two lines, as A C, C B. It is called the 



angle ACB, the letter at the angular point C-^___ g 
C being read in the middle. 

7. A right angle is formed by one right A 
line standing erect or perpendicular to an- 
other ; thus, ABC is a right angle, as is 
also ABE. 

8. An acute angle is less than a right e ~B~ 
angle, as D B C. 

9. An obtuse angle is greater than a t\^v\. scc^a, *& W^TE* 



2 PRACTICAL GEOMETRY. 

10. A plane triangle is a space included by three right lines, 
and has three angles. 

11. A right angled triangle has one right 
angle, as A B C. The side A C, opposite tb« 
right angle, is called the hypothenuse; tin 
sides A B and B C are respectively called the 
base and perpendicular. 




*d. 





12. An obtuse angled triangle has one obtart 
angle, as the angle at B. 

13. An acute angled triangle has all itt 
three angles acute, as D. 

14. An equilateral triangle has three equal 
sides, and three equal angles, as E. 

15. An isosceles triangle has two equal sides, 
and the third side greater or less than each of 
the equal sides as F. 



16. A quadrilateral figure is a space bounded by four right 
lines, and has four angles ; when its opposite 
sides are equal, it is called a parallelogram* 

17. A square has all its sides equal, and all 
its angles right angles, as G. 



18. A rectangle is a right angled parallelogram, whose length 
exceeds its breadth, as B, (see figure to definition 2). 

19. A rhombus is a parallelogram having 
all its sides and each pair of its opposite angles 
equal, as I. 

20. A rhomboid is a parallelogram having 
its opposite sides and angles equal, as K. 

21. A trapezium is bounded by four 
straight lines, no two of which are parallel 
to each other, as L. A line connecting 
any two of its angles are called the diagonal) 
asAB. 
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Tttftjv/jh « y*V«« fKHJil r, to draw & j&tzupft/ /£■? CD paraStt 
tfy a tft*+/t *tru**jki Un* A B, 

Frata anj point * in the line A B, witli 
tb% distance * r, describe the arc r m : — from 
oentrc r t with the same radius, describe the 
up; « # : — take the arc m r in the compasses 
nod *p\Ay it from m to sz — through r and 5 
4riw C II, which is the parallel required, 
Vmm.vM IV. 
Prttrtt o tjhm point V in a straight line A B to erect a per- 
ptndivuhw* 

I Wh-n th& point U in or near the middle of the line* 

On Npfe side of the point P take any two 
ujiml ilitttancea, Pw, Pm; from the points 
tit nil' I k, ti* centres, with any radius greater 
Dm 1 1 P flfg ditdibi two arcs cutting each 
ttlhur la Ob Ih rough C, draw C P, aod it will 
l»u the perpendicular required. 
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PRACTICAL GEOMETET. 

2. When the point ¥ is at the end of the line. 

"With the centre P, and any radius, de- 
scribe the arc nrs; — from the point «, 
with the same radius, turn the compasses 
twice on the arc, as at r and s : — again, y ~ %% m? 

with centres r and s, describe arcs inter- 
secting in C : — draw C P, and it will be 
the perpendicular required. 

Notb. This problem and the following one are usually done with an instru- 
ment called the square. 

Problem V. 

From a given point C to let fall a perpendicular to a given line. 

1 When the point is nearly opposite the middle of the line. 

From C, as a centre, describe an arc to cut c 

AB in m and n ; — with centres m and n, 
and the same or any other radius, describe 
arcs intersecting in o : through C and o draw a V m b 
C o, the perpendicular required. 

2. When the point is nearly opposite the end of the line. 

From C draw any line C m to meet B A, 
in any point m;*— bisect C m in n, and with 
the centre n, and radius On, or mn 9 describe 
an arc cutting B A in P. Draw C P for the 
perpendicular required. 

Problem VI. 

To construct a triangle with three given right lines, any two 
of which must be greater than the third. (Euc. I. 22.) 

Let the three given lines be 5, 4 and 3 . / c 

yards. From any scale of equal parts lay ' v 

off the base AB = 5 yards ; with the 
centre A and radius AC = 4 yards, de- 
scribe an arc ; with centre B and radius 
CB = 3 yards; describe another arc cutting the former arc in 
C: — draw AC and CB; then AB C is the triangle required. 
Problem VTL 

Given the base and perpendicular, with 
the place of the latter on the base, to con- C 

struct the triangle. 

Let the base AB = 7, the per- 
pendicular C D = 3, and the dis- 
tance A D = 2 chains. Make AB 
■= 7 and AD = 2;— at D erect the 
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PRACTICAL GEOMETRY, 



D 



perpendicular D C, which make = 3 : — draw A C and C B j 
then A B C is the triangle required. 

Problem VIII. 

To describe a square, whose side shall be of a given letigth* 

Let the given line A B he three fa 
At the end B of the given line erect 
perpendicular B C, (by Prob. IV. 2,) whtc 
make = A B : — with A and C as eenti 
and radius A B, describe ares cutting ^ 
other in D : draw A D, D C, and 
square will he completed. 

Problem IX. 

To describe a rec tangled parallelogram having a given leng 
and breadth. 

Let the length A B = 5 fe< 
and the breadth BC = 2. At ] 
erect the perpendicular B C, 
make it = 2 : — with the centre i 
and radius B C describe an arc ; i 
with ccntTeC and radius AB desc 
another arc, cutting the former 3 
D : join AD, D C to complete the rectangle. 

Problem X. 

The hose and two perpendiculars being given to construct i 
trapezoid* 

Let the base AB= G, and tb 
perpendiculars A D and B C, 2 an 
3 feet respectively* Draw the 
pendiculars A D, D C, as given ab 
and join D C, thus completing 
trapezoid. 

Problem XI. 

To construct a right angled triangle having a given base 
perpendicular, and to find tke hypothenwe* 

Let the base AB= 6 feet, and the pen 
dicular B C = 8. Draw B C perpeudicu 
to A B, aud join A C ; then ABC will be th 
triangle required, and A C being measured 
be found ss 10 feet. 
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Problem XII. 
Having given the base and hypothenuse to construct the right 
angled triangle, and find the perpendicular, 

(See figure to last Problem,) 
Let A B = 6 feet and A C = 10. — Draw the perpendicular 
B C indefinitely ; take A C = 10 feet in the compasses, and with 
one foot on A apply the other to C ; join A C, which completes 
the triangle, and B C will be found = 8 feet. 

EXAMPLE. 

A ladder 50 feet in length is placed with its foot 14 feet from 
a wall, the top of the ladder just reaching to the top of the wall ; 
required the height of the wall. 

Here 14 feet is the base of the right angled triangle, and 50 
feet, = length of the ladder is the hypothenuse, with which the 
triangle being constructed, as in the last Problem, the perpen- 
dicular will be found = 48 feet. 

Problem XIII. 

To divide a given angle ABC into two equal parts. 

From the centre B, with any 
distance, describe the arc A C. 
From A and C, with one and the 
same radius, describe arcs inter- 
secting in m. Draw the line B m, 
and it will bisect the angle as re- 
quired. 

Problem XIV. 

To set off an angle to contain a given number of degrees. 

Let the angle be required to "\^ 
contain 41 degrees. Open the 
compasses to the extent of 60° 
upon the line of chords, and 
setting one foot upon A, with 
this extent, describe an are cut- 
ting A B in B ; then taking the A^- — L2L 





extent of 41° from the same line of chords, set it off from B to 
C ; join A C ; then B A C is the angle required. 
Problem XV. 
To measure an angle contained by two straight lines. 

(See last figure.) 
Let A B, A C contain the angle to be measured. Open the 
compasses to the extent of 60°, as \>efote o\i fo* \vaa <& Swstfca^ 
md with this radius describe the axe Ti C, <svv*>aa% fe^**^^ 
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produced, if necessary, in B and C ; then extend the compasses 
from B to C, and this extent, applied to the line of chords, wiD 
reach to 41'', the required measure of the angle B A C. 

A right angle, or perpendicular, may be laid off by extendiag 
the arc B C, and setting off the extent of 90~ thereon. Also a 
angle greater than 90° may be laid off, by still further extending 
the arc, and laying the excess of the arc above 90", from the end 
of the 90th degree. 

Notk. Angle* arc more correctly and expeditiously laid off and mcaiai d 
by an instrument called the protractor, to be hereafter described. 

Problem XVI. 

To find the centre of a circle.. 

Draw any chord A B, and by Prob. L 
bisect it perpendicularly with C D, which 
will be a diameter. Bisect C D in the point 
O, and that will be the centre. 

Problem XVII. 

To describe the circumference of a circle through three gnat 
point* A H C. 

From the middle point B draw chords 
to the two other points A, C, bisect these 
chords perpendicularly by lines meeting 
in O, which will be the centre ; then from 
the centre O, at the distance O A, or ft 
or O C, describe the circle. 

Kotk. In the same manner may the centre of an arc of a circle be found. 

Problem XVIII. 
Through a given point A to draw a tangent to a given circle. 
Case I. When A is in the circumference of the circle. 

From the given point A, draw A O to 

the centre of the circle ; then through A 

draw B C perpendicular to A O, and it will 

be the tangent as required. 

Case II. When the given point is B not in 

the circumference. 

From B draw B O to the centre of the circle ; and on B 

m *mbe the semicircle B A O, cutting the circle in A : then 

B nd A' draw B A C, and it will be the tangent re- 
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Problem XIX. 

To make a regular pentagon on a given line A B. 

Make B tn perpendicular and equal 
to half A B ; draw A m, and produce 
it till mnhe equal to B m ; with centres 
A and B, and distance B n describe 
arcs intersecting in o, which will be 
the centre of the circumscribing circle : 
then with the centre o, and the same 
radius, describe the circle ; and about A B 

the circumference of it apply A B the proper number of times. 
Problem XX. 




A^ 



To make a hexagon on a given line A B. 

With the distance A B, and the 
centres A and B, describe arcs inter- 
secting in o ; with the same radius and 
centre o describe a circle, which "will 
circumscribe the hexagon; then apply 
the line A B six times round the cir- 
cumference, marking out the angular 
points, and connect them with right lines. 

Problem XXI. 

To make an octagon on a given line A B. 

Erect A F and B E perpendicular 
to A B ; produce A B both ways, and 
bisect the angles m A F and nBE 
with the lines A H and B C, each 
equal to A B ; draw C D and H G 
parallel to A F or B E, and each equal 
to A B ; with the distance A B, and 
centres G and D, cross A F and B E 
in F and E : then join G F, FE, E D, 
and it is done. 

Problem XXII. 

To make any regular polygon on a 
given line A B. 

Draw A o and B o making the 
angles A and B each equal to half 
the angle of the polygon, by Prob. 
XIV., with the centre o and distance 
o A describe a circle : then apply the 
line A B continually round the cir- A T"B 

cumference the proper number of times, an&'\\. V& forc&. 





F 






G 


A- 


/ 


\ 


H 


y A 


\ "^ 
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Note. The angle of any polygon, of which the angles o A B and o II J 
each one half, is found thus: divide the whole 360 degrees by the number u 
sidei, and the quotient will be the angle at the centre o ; then snhtraet thai 
from ISO degrees, and the remainder will be the angle of the polygon, and u 
doable of o A B or of o HA. And thus you will Hud the numbers of the fol- 
lowing table, containing the degrees in the angle a, at (he centre, and the 
angle of the polygon, for all the regular figures from 3 to 19 sides. 







Angle o 


Angle 


Angle 


No of tides. 


Name of the Polygon, 


at the 


of the 


o A B or 






centre. 


polygon. 


oBA, 


3 


Trigon . 


120° 


GU U 


30 q 


4 


Tetragon 


90 


90 


45 


s 


Pentagon « « 


72 


108 


54 


6 


Hexagon 


GO 


120 


60 


7 


Heptagon 


51f 


128f 


6'4| 


8 


Octagon 


45 


135 


67 


9 


Nonagon - ■ . 


40 


140 


70 


10 


Decagon 


36 


144 


72 


11 


Undecagon . 


32 T V 


147 ,\- 


W* 


12 


Dodecagon * , 


so 


150 


75 




Problem 


XXIII. 







In a given circle to inscribe any regular polygon ,- or to ditidt 
the circumference into any number of e<ptal parts* 

(See the last figure.) 

At the centre o make an angle equal to the angle at the centre 
of the polygon, as contained in the third column of the above 
tahle of polygons : then the distance A B will be one side of the 
polygon, which being carried round the circumference the propei 
number of times, will complete the figure. Or, the arc A B 
be one of the equal parts of the circumference. 



Problem XXII. 

About a given circle to circumscribe any regular polygon. 



>pei 



Find the pnints m % «, p t &c, as in the 
last problem ; to which draw radii jvi o 3 
n 0, &c> to the centre of the circle ; then 
through these points ?«, n, &c, and per- 
pendicular to these radii, draw the aided 
of the polygon. 

EXAMPLE. 

Let the radius of the given circle be five feet ; then s having 
described a regular pentagon round it, the aide of the figure 
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will be found = 7 feet 3£ inches. If the figure to be described 
round the same circle be a regular hexagon, its side will be 
found = 5 feet 9} inches : and so on for any other regular 
polygons. 

Problem XXV. 

To find the centre of a given polygon, or the centre of its in- 
scribed or circumscribed circle. 

Bisect any two sides with the per- 
pendiculars m o, no, and their intersec- 
tion will be the centre ; then with the 
centre o, and the distance o m, describe 
the inscribed circle ; or with the distance 
to one of the angles as A, describe the 
circumscribing circle. 

Problem XXVI. 

In any given triangle to inscribe a circle. 

Bisect any of two of the angles with 
the lines A o,Bo; and o will be the 
centre of the circle ; then with the 
centre o, and radius the nearest dis- 
tance to any one of the sides, describe 
the circle. 

EXAMPLE. 

Let the sides of the given triangle be 5, 4, and 3 feet ; then, 
having inscribed a circle therein, its radius will be found = 
1 foot. 

Problem XXVII. 
About a given triangle to circumscribe a circle. 

Bisect any of the two sides A B, B C, c 

with the perpendiculars m o, no,; with 
the centre o, and distance to any one of 
the angles, describe the circle. 

EXAMPLE. 

Let the sides of the given triangle be 
15, 14, and 13 feet; then having de- 
scribed a circle about it, the radius will 
be found = 8 feet 1£ inches. 

Problem XXVIII. 

In, or about, a given square to describe a circle. 

Draw the two diagonals of the s<\wftte, *xA Vtossa \stat« j 
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section o will be the centre of both the 
circles : then with that centre, and the 
nearest distance to one side, describe the 
inner circle, and with the distance to on 
angle, describe the outer circle. 

EXAMPLE. 

Let the side of the given square be 3 feet : then, having de- 

Mibed circles in and about it, the radius of the former will be 

found = 1| feet, and that of the latter = 2 feet 1^ inches 
nearly. 

Problem XXIX. 

In s or about $ a given circle, to describe a square or an octa 

Draw two diameters AB, CD, perpe; 

dicular to each other; then connect the! 
extremities, and that will give the inserib 
square ACDB. Also through their 
tremities draw tangents parallel to them, i 
they will form the outer square m nop. 

Note. If &ny quadrant, as A C* be bisected jn q % it will give one-eighth ( 
the circumference, or the side of the octagon. 

Problem XXX. 

In a given circle to inscribe a trigon, a hexagon, or a dodecago 

A The radius of the circle is the sid 

of the hexagon ; therefore from 
point A in the circumference, with i 
distance of the radius, describe the I 
BOF: then is A B the side of 
hexagon ; and therefore carrying 
six times round will form the hexagon, 
or will divide the circumference int< 
six equal parts, each containing 
degrees . — The second of these, C, ! 
give A C the side of the trigon, or equilateral triangle A C E, f 
the arc A C one-third of the circumference, or 1 20 degrees*- 
Also the half of A B, or A w, is one-twelfth of the circumfcrenc 
or 30 degrees, which gives the side of the dodecagon. 

Note. If tangents to the circle he drawn through all the angular points < 
any in scribed figure, they will form the sides of a like circumscribing fig 

EXAMPLE, 

In a circle, the radius of which is 10 feet, inscribe a trigon, i 
* ^xagon, and a dodecagon, — Having measured a side of the 
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several figures, that of the trigon will be found = 1*7 feel 
inches, that of the hexagon 10 feet, and that of the dodecag 
5 feet 2 inches. 

Problem XXXI. 

In a given circle to inscribe a pentagon or a decagon. 

Draw the two diameters A P, m n 
perpendicular to each other, and bisect 
the radius o n at q ; with the centre q 
and the distance q A, describe the arc 
A r ; and with the centre A, and 
radius A r, describe the arc r B : then 
ia A B one-fifth of the circumference ; 
and A B carried five times over will 
form the pentagon. Also the arc A B 
bisected in *, will give A s the tenth 
part of the circumference, or the side of the decagon. 

Nora. Tangents being drawn through the angular points will form 1 
circumscribing pentagon or decagon. 

EXAMPLE. 

In a circle, the radius of which is 10 feet, inscribe a pentag 
and decagon. — Having measured a side of each of the figun 
that of the pentagon will be found =11 feet 9 inches, and tt 
of the decagon = 6 feet 2 inches. 

Problem XXXII. 

To make a triangle similar to a given triangle ABC. 

Make a B equal to the base of the required 
triangle ; through a draw a c parallel to A C : 
then a B c is the triangle required. 

example. 

Let A B = 12, A C = 15 and B C = 9 
feet ; and the side a B of the required tri- . 
angle = 8 feet. — Then having drawn a c 
parallel to A C, the side ac will be found =10, and B c = 6 fe< 

Problem XXXIII. 

To make a figure similar to any 
other given figure ABCDE, 

From any angle A draw diagonals 
to the other angles ; take Ada side 
of the figure required ; then draw b c 
parallel to B C, and c d to C D, and 
detoT)E,&c. 





u 
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PROBLEM XXXIV. 

To vtohe c sjscre equal to two yites 
square* P asud Q* 

Set two ades A B, B C, of the «ra 
s-quares, jierpeuiScajar to each other; 
join their extrtszines 1 C; so shall the 
square B, consaratttd on AC, be eqotl 
to the two P a&d Q taken together. 
(Euc. I., 47.) 

Problem XXXV. 

To make a sqware equal to the diferenee between two ykes 
tquaret, P, K. 

iSee the lost figure.) 

On the side A C of the greater square, as a diameter, describe 
a MWiicircle ; in which apply A B the side of the less square; 
join B C, and it will be the side of a square equal to the differ- 
ence between the two P and K as required. 

Problem XXXVI. 

To wake a square equal to the sum of any number of squares 
taken together. 

Draw two indefinite lines A in, A n, perpendicular to each 
other at the point A. On the one of these set off A B the side 
of one of the given squares, and on the other 
A C the side of another of them ; join B C, 
and it will be the side of a square equal to the 
two together. Then take A D equal to B d 
and A £ equal to the side of the third given 
square. So shall D £ be the side of a square 
equal to the sum of the three given squares. — 
Aid so on continually, always setting more sides 
of the given squares on the line A n, and the sides of the sue* 
cessive sums on the other line A m. 

Problem XXXVII. 

To const met a figure resembling an ellipse, hy circular arcs 
from four centres. 

On a line F f, of convenient length, describe two equilateral 
triangles F P /, F p f ; prolong the sides of the triangles ; 
join P p, as shown in the figure. With centres P, p and 
radius P II = p h describe the arcs II I, h t, meeting the 
prolonged sides of the triangles, and such that the diameter C D 
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equal to the required 
)f the figure ; with 

F,/ and radius H F 
= &c, describe the 

A A, I i, and the 
rill be completed. 

If the longer diameter 
not obtained of the re- 
in gth by the above opera- 
j triangles F P /, F p f 
enlarged or diminished, 
isosceles, till by trials the 
intensions are obtained. — This method of drawing the ellipse is prac- 
the picture-frame makers. 

Problem XXXVIII. 

jscribe a true ellipse. 

TR be the trans- 

D O the conjugate, 
the centre. With 

lius T c and centre 

sribe an arc cutting 

a the points F /; 

are called the two 

the ellipse. 

,me any point P in 

msverse ; then with 

lii P T, P R, and centres F, /, describe two arcs inter- 
in I ; which will be a point in the curve of the ellipse, 
thus, by assuming a number of points P in the trans- 

here will be found as many points in the curve as you 
Then, with a steady hand, draw the curve through all 

oints. 

OTHERWISE, WITH A THREAD. 

5 a thread of the length of the transverse, T R, and fasten 
s with two pins in the. foci F,/. Then stretch the thread, 
will reach to I in the curve ; and by moving a pencil 
within the thread, keeping it always stretched, ijt will 
ut the ellipse. 

Problem XXXIX. 

lescribe or construct a parabola, 

* being an absciss, and P Q its given ordinate \ \nmrit 
n A, join A V, and draw k. B ^t^x^Ms^Kt \fc >fc 
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makes the alternate angle equal, fyc. : thus the angles A G H, 
6ED are equal ; also the exterior angle £ G B is equal to the 
interior and opposite G H D. (Euc. I. 29.) 

Theorem III. 

The greatest side of every triangle is opposite the greatest 
angle. (Euc. I. 18.) 

Theorem IV. 

Let the side o/AB the triangle ABC be 
produced to D, the exterior angle C B D 
is equal to the interior angles at A and C ; 
-jy also the three interior angles of the triangle 
are equal to two right angles. (Euc. I. 32.) 
Whence any two angles of a triangle being given the third be- 
comes known. 

Theorem V. 
(See figure to Definition 11.) 

Let A B C be a right angled triangle, haying a right angle at 
B; then, the square on the side A C is equal to the sum of the 
square on the sides A B, B C. (Euc. I. 47.) Whence any two 
aides of a right angled triangle being given the third becomes 
known. 

Theorem VI. 

In any triangle A B C, let D E be 
drawn parallel to one of its sides, C B ; 
then, AB is to A E as B C is to BE ; 
and the triangles are said to be similar. 
(Euc. VI. 2.) 

Theorem VII; 

(See last figure.) 

Let A B C, A E D be similar triangles ; then, the triangle 
ABC is to the triangle A ED as the square A B is to the square 
of A E : that is, similar triangles are to one another in the 
duplicate ratio of their homologous sides. (Euc. VI. 19.) 

* Theorem VIII. 

All similar figures are to one another as the squares of their 
homologous, or like, sides. (Euc. III. 20.) 

Theorem IX. 

All similar solids are to one another aa t\& cxftrc* <& < ta£\&\& 
linear dimensions. (Euc. VI. 24.) 
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EXPLANATION OF THE PRINCIPAL MATHEMATICAL 
CHARACTERS USED IN THIS WORK. 

The sign for equality = is read " equal ;" thus 12 inches = 
1 foot. 

The sign for addition -f is read "plus or more ;" thus 2 + 3 
= 5. a -+ b, &c. 

The sign for subtraction — is read "minus or less;" thus 
5 — 2 = 3, a — b, &c. 

The sign for multiplication x is read " into ;" thus 5x3 
= 15, a x b, or a b, &c. 

The sign for division -r- is read "by;" thus 15 -f- 3 = 5, or 

15 * a 9 
Y= 5, or £,&c. 

The signs for proportion, as : : : : " as, is to, so is, to ;" 
thus as 2 : 5 : : 8 : 20, or as a : b : : c : d, the fourth 
number being found by multiplying the second by the third, 

and dividing the first, or — — = 20, and — = d. 

The signs ( ) or I > ^ is called vinculum or brace : 

thus (5 +4) x 2 = 9 x 2 = 18, or 5 + 4*1 2 = 18, (a + 6, 
X c, or a + b) c, &c. 

The signs 2 , 8 , &c, placed above a quantity, represent re- 
spectively the square, cube, &c, of that quantity ; thus 5 2 = 
5 x 5 = 25, 5 3 = 125, if+T) 3 = 7 2 = 49, 4 (5 + 3) 2 = 
4 x 8 2 = 256 ; and a 3 and a s represent the square and cube 
of a, also (a -+ 6) 3 c 3 signifies that the square of the sum of a 
and b is to be multiplied by the cube of c, &c. 

The sign V or ^/ placed before a quantity, or \ placed above 
represents the square root of that quantity ; thus v^6 = 6, 
V9xl6 = 12, and \/a x b or \/ab signifies the square 
root of the product of a and b, &c. « 

3 

The sign V placed before a quantity, or \ placed above it, 
denotes the cube root of that quantity ; thus 

V 12 x 2 x 3 - 8, or ^/(12 x 2 x 3 — 8) = v72 — 8 = 

a a— — 

+/64 = 4, \/e { (a + 6)* — e c?} denotes tVie crchfc Toot of the 



MENSURATION OF LINES. 



19 



difference of the square of the sum of a and b and the product 
of c and d multiplied into e. Also, the value of 

s , 

V e {(a + b) 2 — c d}, when a = 2, b = 7, c = 5, d = 9, and 



<=6is V 6 K 2 + 7) 2 - 5 x 9} = V6 (81 
V 6 X 36 = ^216 = 6. 



45) = 



L The 
atraij 
<mwi 



PART II. 
MENSURATION OF LINES. 

Mensuration of Lines is applied to find the lengths of 
;ht or curved lines, from the given lengths of other lines, 
ch these straight or curved lines depend. 





TABLE 


OF LINEAL MEASURE. 


Inches. 


Feet. 




12 


1 


Yards. 


36 


3 


1 










Poles. 




198 


16* 


5* 


1 


Furlongs. 


7920 


660 


220 


40 


1 


63360 


5280 


1760 


320 


8 



Mile. 

1 

7|4- = 7-92 inches = 1 link. 
22 yards = 4 poles = 1 chain of 100 links. 
69* English miles = 60 geographical miles = 1 degree. 

Problem I. 

To find one side of a right angled triangle, having the other 
two sides given. 

The square of the hypothenuse is equal to both the squares of 
the two legs. (Euc. I. 47.) Therefore, 

Rule L — To find the hypothenuse ; add the squares of the 
two legs together, and extract the square root of the sum. 

Rule II. — To find one leg ; subtract the square of the other 
leg from the square of the hypothenuse} and estau&'Chfe %q^skx% 
root of the difference. 




■ F:^i(i,, v,i,,7 ^*w* ^7!? 



^3". 
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3. A ladder is to be placed so as to reach the top of a wall 
S3$ feet high, and the foot of the ladder cannot be placed nearer 
the wall than 18 feet ; what must be the length of the ladder? % 

Ans. 38$ feet. 

4. The side of a square is 100 yards ; what is the length of 
its diagonal ? Arts. 141*4 yards. 

5. A line of 320 feet will reach from the top of a precipice, 
standing close by the side of a river, to the opposite bank : re- 
quired the breadth of the river ; the height of the precipice being 
103 feet. Ans. 30297 feet. 

6. A ladder of 50 feet long being placed in a street, reached 
a window 28 feet from the ground on one side ; and by turning 
the ladder over, without removing the foot out of its place, it 
touched a moulding 36 feet high on the other side : required the 
breadth of the street. Ans. 76*123 feet. 

7. The width of a house is 48 feet, and the height of ridge 
above the side walls 10 feet ; required the length of one of the 
rafters. 

In the annexed figure A B is the 
width of the house, or length of 
the tie-beam of the rafters A C, 
B C; and CD the height of the 
ridge or length of the king-post; 
and since D is the middle point of 
A B, we shall have AD = }AB 
= 24 feet. Whence by the first formula ; 

AC= v/AD 2 + CD 2 = V 24 2 + 10* = ^676 = 26 feet t 
the required length of one of the rafters. 

8. Required the height of an equilateral triangle, the side**of 
which is 10 feet. Ans. 8 feet 8 in. nearly. 

9. The base of an isosceles triangle is 25 feet, and its twp;sijks 
are each 32£ feet ; required the perpendicular. AM. 30 feet^ 

10. The diagonal of a square is 10 yards, required the i8j|h 
of one of its sides. . An*. 7 yds. Qfeet 2% in. 

11. A ladder, standing upright against a wall 100 feet high, 
was pulled out at the foot 10 feet from the wall ; how far did the 
top of the ladder fall ? Ans 6 inches nearly. 

12. The upright axle of the horse-wheel of a thrashing 
machine is placed with its centre 3£ yards from a wall ; but the 
shafts of the axle are 5 yards in length, measured from the cen- 
tre : how much of the wall must be removed to %^\\\\.\fcwi<3«^ 

Ans. 7 -yds.^ ft.^'m. 
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Problem II. 



Having given any two of the dimensions of the Ji<. 
and one of the corresponding dimensions of a si mi far figure t 
find the other corresponding dimension of the lastfgure. 




Rule. — Let 
a b c be two shtmI 
triangles, then by ' 
orem VI*, page 1 7. 



B a 



A B : B C : : a b i a c, or a b : a c : : A B B C. 
The same proportion holds with respect to the similar lineal 
parts of any other similar figures, whether plane or solid. 

EXAMPLES. 

1 - The shadow of a cane 4 feet long, set perpendicularly, 
5 feet* at the same time that the shadow of a lofty tree 
found to be 83 feet; required the height of the tree, 
shadows being on level ground. 

Let b c he the cane, and B C the tree, their shadows 
respectively represented by a b and A B : the upper extremities 
of the cane and tree being joined with the extremities of their 
shadows, giving the parallel lines a c Y A C for the direct >< 
the sun's rays, and thus constituting similar triangles a h e, 
ABC: whence ah : be t i AB : BC, 
that is 5 : 4 : t 83 : G6f 
4 



5)332 



(Gffffeet = BC, the height 

of the tree. 

2. The side of a square is 5 feet, and its diagonal 7*071 
what will he the side of a square, the diagonal of which is -1 fa 

Am. 2 ft. 10 iff, nearly 

3. In the ground plan of a building 120 feet long and ft 
broad, the length, as laid down* is 1 inches ; what must be ii 
breadth f Am. 4£ inched 

4. The scale of the Ordnance survey of Ireland is G inches to 
I mile, what length of paper will be sufficient for the map of that 

country, its length being 300 miles'? Ans, £Q v QT rife* 



£ 
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5. The length of the shadow of the Monument (London) js 
:51^ feet, while the shadow of a post 4 feet high, is 3 feet ; 
■equired the height of the Monument. Arts. 202 feet. 

Problem III. 

The two sides and the base of a triangle (A B C) are given to 
find the perpendicular (CD). 

Rule. — The segments of the base AD, DC must be first 
Tound. Let B C be the greater of the two sides, then B. D will 

be the greater of the two seg- 
ments. Then, as the base AB 
is to the sum of the sides B C + 
CA, so is the difference of the 
sides B C — C A to the difference 
of the segments of the base B D 
— DA. Half this difference, 
being added to and subtracted from half the base A B, will give 
respectively the segments BD, DA; though only one of the seg- 
ments is required to be found. Now, either of the sides and its 
adjacent segments constitute a right angled triangle, whence the 
perpendicular C D may be found by Rule II., Prob. I. 

Formula. 
Put AB = a, B C = £ and C'A = c; then from the propor- 
tion in the Rule 

jfi ^ 

BD-DA=- ; whence 




BD = }/fl + &2 ~~ ** V and 



EXAMPLES. 

1 . The three sides of a triangle are 42, 40, and 26 feet ; re- 
quired the perpendicular on the longest side. 
By the Rule 

AB : BC -f CA : : BC — CA : B D — D A, that is, 
42 : 66 : : 1"4 : 22, and 

i (42 — 22) = 10 ieet = AD 
Or by the last Formula 

DA=|( 42 - 4 -g^)=10feet, 

and CD = ^AC^-DA 2 = *J2& — W = <2A 
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2. The base of a triangle is 30, and the two sides 25 and 35; 
required the perpendicular. An*. 24 feet 6 in. nearly. 

3. A house 21 feet in width, has a roof with unequal alopo, 
the lengths of which, from the eaves to the ridge, are 20 and 13 
feet ; required the height of the ridge above the eaves. 

An*. 12 feet. 

Note. All the preceding examples may be readily solved by conttroctioat I 
by first laying down the triangles, as in Prob. VI., Practical Geometry, no* | 
then letting fall the perpendicular, as in Prob. Y. 

Problem IV. 

The side ABofa regular polygon being given to find the r*M 
O C and O A of its inscribed and circumscribed circles. 

Rule. — Multiply the side of the polygon by the number op- 
posite its name in the following Table, in the column headed 
"Rad. Inscribed Circle," or in that headed "Rad. Circumsc. 
Circle," accordingly as the one or the other radius may be re- 
quired. 

Formula*. 

Let r and R be the radii of the in- 
scribed and circumscribed circles respec- 
tively, q and p their respective tabular 
radii, and I = side of the polygon ; 

then r = lq, and R = I p ; also 

' ~ T " R • 




TABLE OF POLYGONS. 



No. 

of 

Sides. 



Name. 



Rad. 

Inscribed 

Circle. 



Rad. 

Circttms. 

Circle. 



Area. 



3 

4 
5 
6 
7 
8 
<) 

10 
11 
12 



Trigon or equi-triangle 
Tetragon or square . 
Pentagon .... 
Hexagon .... 
Heptagon .... 
Octagon .... 
Nonangon .... 
Decagon .... 
Undecagon . . . 
Dodecagon .... 



•2887 

•5000 

•6882 

•8660 

1-0383 

1-2071 

1-3737 

1-5388 

1-7028 

1-8660 



•5773 
•7071 
•8506 
1-0000 
11524 
1-3066 
1-4619 
1-6180 
1-7747 
1-9319 



•4330 
1-0000 
1-7205 
2-5981 
3-6339 
4-8284 
6-1818 
7-6942 
9-3656 
11-1962 
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By the Rule 


24 = i B E = 

24 


BD 


C D = 18) 


576 

32 

18 = CD 




whence the radius B = 


50 feet = A C. 
25 feet. 





2. The span (chord) of the iron arch of Sunderland bridge 
is 240 feet, and the rise (height) of the crowns of the arch 
34 feet : with what radius was the arch drawn ? 

By Formula (1). 

120 2 
The diameter = -34-+ 34 = 440-41 feet. 

whence the required radius = 440*41 -*- 2 = 220*205 = 220 
feet 2£ inches. 

3. On a parliamentary map of 4 chains to an inch, the chord of 

a railway curve measured 40 inches, and its height 5 inches, re. 

quired the radius of the curve both on the map and on the ground- 

20* 
The diameter = -jr- + 5 = 85 inches, whence 

the radius = 85 •+- 2 = 42? inches on the map. 

And, since the scale of the map is 4 chains to an inch, we 
shall have 42£ x 4 = 170 chains = 2| miles, the radius of the 
curve on the ground. 

4. The chord of the whole arc is 48 feet, and its height 7 ; 
required the chord of half the arc. 

By Formula ? (2). 

0=^0* + tfi = V 242 + 7 2 = 25 feet, the required chord. 

5. The chord of half the arc of a bridge is 24 feet, and the 
rise of the crown of the arc 16 feet; required the radius of the 
circle of which the arch is a part. 

Jns. By formula (3) the diameter is found = 36 feet, whence 
the required radius is 18 feet. 

6. A circular grass plot of 100 yards diameter is cut by a walk 
through the centre, this walk is cut at right angles by another 
walk through the middle of the radius ; required the length of 
the last named walk. 

By transposing formula (1) C = y v (d—v) = V25 (100—25) 
= 43*3 yards the double of which is the length of the walk.-— 
the same result may be obtained from tha t\-*Jd& «s^\ Vxv- 
ingle B D O. 
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7. The rise of the circular arch of a bridge is 12 feet and the. 
radius of the whole circle is 100 feet; required the distance 
from the spring of the arch to the crown, viz., the chord of 
half the arch. Ans. 49 feet nearly. 

Problem VII. 

To find the length of any arc of a circle. 

Case I. — When the degrees in the arc and the radius are given. 

Rule I. — As 180° is to the number of degrees in the arc, so 
is 3*1416 times the radius to its length. /, . ,. ' / .'. 

Case II. — When the chord of 'half 'and/he whole arc are given. 

Rule II. — From 8 times the chord m half the arc subtract 
the chord of the whole arc, and take \ of the remainder for the 
length of the arc nearly. 

formula. (See last figure.) 

Put r = radius B O, A = 180°, 8 = degrees in the arc B E, 
and n = 3*141 6, and I = length of the arc ; then 

rd ir I A 

I — r- ', and r = -r— 

A orr 

EXAMPLES. 

1. To find the length of an arc of 30 degrees, the radius being 
9 feet. 

By Rule I. 3*1416 

9 



180 : 30 : : 28*2744 : 4*7124 feet. 

w , „ , , 9x30x3*1416 3x3*1416 

By first Formula I = ^gg = ^ =4*7124 

2. The length of the arc of a circle of 30 degrees is^9 feet 
5 inches, required its radius. 

Ans. By the second formula, \8feet nearly. 

3. The chord B E of the whole arc being 4*65374 feet, and 
the chord B C of the half arc 2*34947 ; required the length of 
the arc. 

By Rule II. 2*34947 

8 



18*79576 
4*65874 

3)14*13702 

Ans. 4*7 1234 feet. 
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4, Required the length of the iron aroh, ia 
Prob. VI. 

First, the chord of $ the arch, or distance from spring to 
crown, by Formula % Prob. VI., will be found 124724 feet, 
Whence, by Rule IL of this Problem, we shall have the 
aired length of the arch = 252 feet 7 inches, 

5. Find the length of one of the ares of the six equal seg- 
ments of an iron girder, the whole span of the arch being 1 ~~ ' 
feet, and the radius 180* An*. 20 feet 4 67 inehe*. 

Rule III. is not sufficiently accurate for finding the length of 
the arc, when it is greater than £ of the circumference of the 
circle : in such cases, (see figure to Prob, VI.) the chord of \ 

the arc BCE=: chord of \ the arc B C (not shown in the 
figure) must be found by the formula. 




3. Required the length of an arc of 12 degrees 10 minutes, or 
2:J degrees, the radius being 10 feet. 

By Rule I., 2 1224/e**, dm. 



iple 






re- 



Chord of \ of arc B C E = *J J d (d — V ' — O* 

in which d and c are the same as in Prob* VI. ; after which Rule 
II. may he applied with sufficient accuracy to find the length 
of the I- arc B C, which, being doubled, will give the wl 
length B C E. 

6, Required the length of a circular iron girder, the 
(B E) of which is 48 feet, and the rise (C D) at the 
18 feet. 

By Formula* 1 and 2, Problem VL, d = A C is found = .v(J 
feet, and c = BC = 30 ; whence, by the formula just gi? 

the chord of i of arc B C £ = V25 (50— ^O 3 — 
15*8113, and by Rule IL, (15-8113 X 8— 30) -** 3 = 32IGS 
feet = arc B C, the double of which is 64*3270 feet = the re 
quired length of the arch BCE. But by using Rule IX 
without the above formula, the length of the arch is found i 
be 64 feet, or nearly 4 inches short of its more accurate 
as previously found. 

Note. The true method of finding ibe length of tn arc of a circle I 
the natural sine of the angle BOD (figure to Prob. 
number of degrees, minutes, &e., which, beiog doubled, jr 
cure of the whole arc B C E ; whence the length rrf the »r 
found by Rule 1. But the first part of this (jpmftoi 
goeiomctiy; moneorer, soMcient accuracy fot aft \t*t\ 
obtjuued by link IL for arcs lea* than a qu&< 
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secured by meant of the formula used in Example 6, in caws where the i 
approaches near to a semicircle. 

Remark* — When the arc is greater than a semicircle, the remaining part < 
the circumference must he found by Rule II., with the help of the foi 
used in Example 6, if necessary. This remark does not apply to ca 
the degrees of the arc are given, which are solved by Rule I. 

Problem VIII* 

To find the diameter of a circular zone, its two parallel chords 
A B, C D, and its breadth E F, being given* 

K This and the following Problems 

not 



a ■**""* 


■ C\ B 


• 


j/J^P 


/" 


1 ) D 



following 
mag be omitted btj the student, as not 
being much required in practice* 




FORMULA 

Let C and c be the half chor 
C F and A E respectively, b the 
breadth EF, and d the diamet 
RL = twice radius O B ; then 

C 2 — c*\ 



d = v { & + 2 ((? + *) + (^-^y } ■ 

Also A C = B D = sf L 2 . c _ A and 



EXAMPLES, 

1 . The parallel sides of a circular zone are 6 and 8 feet, 
its breadth 7 feet ; required the diameter of the circle* 
By the first Formulae the diameter 

*-« </ Jp + 2 {4i + 3*) + { ~~ — )'} - V 49 +"50 + I = 10 

2» Find the chord B I) and the height G H of the zone in 
the preceding Example. 

Here, the diameter d is first found, as above; then by 
second and third Formulae, 

B D = v (P + 4 — 3*) = ^49+1 m 7^07 feet, and 

GH = 110 — w{(* + 3) 3 + ^^-niyi = 5 — ij/49TT»l'465fL 

3. The parallel chords of a zone are the same as in the Ex- 
), and its breadth 1 foot ; required the diameter. 

j4na. \4fe«t* 



the 
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Note. In this example the two chords are both on the same side of the 
centre of the circle. 

4. The two parallel chords of a circular zone are 16 and 12 
feet, and the diameter of the circle 20 feet ; required the breadth 
of Uie zone. Ans. 14 feet. 

Notb. 1. The breadth of the zone, in this example, is found by squaring and 
transposing the first formula, whence there results a quadractic equation, from 
which the value of b is found. 

Note 2. When the chord B D = A C, and the height G H have been found, 
the lengths of the equal arcs A C, B D are found by the Prob. VII. 

Problem IX. 

In an ellipse are given any three of the four following parts to 
Jind the fourth, viz. the transverse oasis TR, the conjugate axis 
G 0, the abscissa H Q, and the ordinate P Q. 

FORMULA. 

Put a = semitransverse = H It, b = semiconjugate = C H, 
* = abscissa = HQ, and y = ordinate = P Q ; then 




x = - \/ b 2 — y\ y = - Va~ — ar*, 
b . a 

a = —if and b = -=££= 

V** — y s s/a*—x* 

Also the focial distance from 
the centre. 

EXAMPLES. 

1. The transverse axis is 30, the conjugate 20, and the 
abscissa 3 feet. 

By the second formula, 

P Q = y == {% V 15 3 — 3 2 = 9-798 feet. 
. 2. The transverse T R = 70 feet, the conjugate C O = 50, 
and the ordinate P Q = 20 ; required the abscissa H Q. 

Ans. By the first formula, H Q = 21 feet. 

3. The transverse is 180 inches, the ordinate 16, and the 
abscissa 54 ; required the conjugate. 

Ans. By the fourth formula, the conjugate = 40 inches. 

4. If the conjugate be 50 feet, the ordinate 20, and the 
abscissa 21 ; what is the transverse? 

Jns. By the third formula, ftie traassst** = 1^> J«** 



5. The trail s verse TR= 100 yards, and the conjugate i 

= 60 1 required the distance of the foci F/from the centre " 
Ans. By the last formula, H F = H/«= 40 yards. 

6\ The ratio of the major and minor axes of the earth's 
orbit is as 1 to n t the former being about 190,000,000 miles 
= 2 u, How much is the earth nearer to the sun in winter than 
in summer ? ^ — ^ 

Ans. The distance here required is twice the focial distance 
from the centre of the earth's elliptical orbit 3 winch, by the last 
formula is found to be 2 a sj\ — ifi* 

J. Required the distance of the foci of an elliptical section, 
passing through the poles of the earth, the earth's axes being 
7926 and 7899 miles. 

Am. 654 miles, or 327 miles each from the earth's centr 






Problem X. 

The axes of an ellipse are given to fad its circumference. 

Rule I. — Multiply half the sum of the two axes by 3*141 
and the product will give an approximate length of the circum- 
ference, which will be found near enough for most practical 
purposes. 

Rule II. — To half the sum of the two axes add the square 
root of half the sum of their squares, and multiply half the sum 
by 3*1416 for the circumference very neurhj. 

formulae (see lust figure). 

Let 2 a and 2 b represent the axes, as in the last prohlem, 

and w = 3*1416; then, 

Circumf, = w (a + 5), or = \ n (a + b + V 2 (* 3 + * 3 ))< 



EXAMPLES. 






L The axes of an ellipse are 15 and 10 feet; required the 
curnference by Rule I* 

Ans. 39 feet 3 invites, 

2. The axes being the same as m the last example ; reqi 
the circumference by Rule II. 

Ans. 39 feet 8 inches nearh 

3* Find the meridional circumference of the earth* the axes 
bs given in the last example of Prob. IX. 



uired 
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Problem XI. 

In a parabola IVH, the focus of which is F, any two of the 
three following parts, viz., the parameter PQ, the abscissa V G, 
and the ordinate G H being given, to find the third part. 

formula. V 

Pat PQ = parameter = p, V G = 
abscissa = x, and CH = ordinate = y ; 
then 




x =£ , y = Vp *, and^> =£. 
p x 

EXAMPLES. 

1 . The parameter P Q of a parabola is 50, and its ordinate 
G H = 60 feet, required the abscissa V G. 

Jns. By the first formula x = G H = %* = 72. 

2. The parameter of a parabola is 10, and its ordinate 4; 
required the abscissa. Jns. 1*6. 

3. The abscissa of a parabola is 4, and its corresponding 
ordinate 10 ; required the parameter. Jns. 25. 

Problem XII. 

To find the length of the arc of a parabola, its ordinate and 
abscissa being given. (See last figure.) 

FORMULA. 

Let x and y represent the same parts, as in the last Problem ;. 
then The i arc V H = Vi ^ +~y 2 nearl y 

EXAMPLES. 

1. Required the half arc V Q of a parabola, V F being = 3 
feet, and F Q = 6. 

Jns. V Q = Vi 3 3 + 6 2 = 6 feet 11| inches. 

2. The abscissa is 2, and the ordinate 6 ; required the length 
of the half arc of the parabola. Jns. 6.4291. 

Notb. 1. The parabola is the path of projectiles in vacuo ; it is also used 
in the astronomical theory of comets. 

Notb 2. The student who wishes for further information concerning this 
curve, as well as concerning the ellipse and hyperbola, may consult the various 
works on conic sections. 
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2. How many square feet contains the plank, whose len 
12 feet 6 inches, the breadth at the greater end 1 foot 8 i 
and at the less end 11 inches ? Ans 13JU 

3. Required the area or a trapezoid, the parallel sides be 
feet 3 inches and 18 feet 6 inches, and the distance betweer 
8 feet 5 inches. Ans. 167 square feet , 3' 4" 

Problem IV. 

To find the area of a trapezium. 
Case I. — For any trapezium. 

Divide it into two triangles by a diagonal ; then find th< 
of these triangles, and add them together. 

Or, if two perpendiculars be let fall on the diagonal, fro 
other two opposite angles, the sum of these perpendiculars 
multiplied by the diagonal, half the product will be the i 
the trapezium. » 

Case II. — When two opposite angles are supplements Oj 
other. 

Add all the four sides together, and take half the sum 
subtract each side separately from the half sum ; then mi 
the four remainders continually together, and take the squai 
of the last product for the area of the trapezium. 

examples. 

1 . To find the area of the trapezium A B C D, the di; 
A C being 42, the perpendicular B £ 18, and the perpenc 
DF16. 

18 

B 16 

#34 Sum 
68 
136 

D 

2)1423 
714 Ans. 

^ Tn the trapezium A B C D, the side A B is 15, D 
D 12, and the diagonal A C is 16: require 
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AC 16 
AB 15 
BC 13 








AC 16 
CD 14 
AD 12 






2)44 
22 
16 


22 
15 


22 half 
13 


sum 


2)42 
21 
16 


21 
14 


21 half sum 
12 


6 

7 


7 


9 




5 
7 


7 


9 



42 

9 






35 
9 


378 
22 






315 
21 


756 
756 






315 
630 


*/8316=! 
The 
The 


91-1921 
triangle 
triangle 


ABC... 
ABC... 


V6615=81.3326 
. 91-1921 
. 81-3326 



The trapezium ABC D 1725247, Am. 

3. If a trapezium have its opposite angles supplements to each 
other, and have four sides 24, 26, 28, 30 ; required its area. 

By Rule II. the area is 723*989. 

4. How many square yards of paving are in the trapezium, 
the diagonal of which is 65 feet, and the two perpendiculars let 
fall on it 28 and 38*5 feet? Am. 222^ yards. 

5. What is the area of a trapezium, the south side being 
27*40 chains, east side 35*75 chains, north side 37*55 chains, 
west side 41*05 chains, and the diagonal from south-west to 
north-east 48*35 chains? Am. 123a. Or. 11.8656p. 

6. What is the area of a trapezium, the diagonal of which is 
108} feet, and the perpendiculars 65£ and 60J feet. 

Am. 705£ square yards. 

7. What is the area of a trapezium, the four sides being 
12, 13, 14, 15? having its opposite angles supplemental. 

• Am. 180-997. 

8. In the four sided field A B C D, on account of obstructions 
in the two sides A B C D, and in the perpendiculars B F, D E, 
the following measures only could be taken: namely, the two 
sides B C 265 and A D 220 yards, the &\a£0\vA k^ m i«s&k, 
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and the two distances of the perpendiculars from the ends of 
diagonal, namely A E 100, and C F 70 yards: required 
area in acres, when 4840 square yards make an acre. 

An*. 17«. 2r. 2Ij>. 
9. When A B = 314, BC = 232 3 C D = 228i, D A = 2^ 
and the diagonal A C = 417£ feet ; required the area in square 
yards. Ans. 8641^ square yards. 

Problem V. 

To find the area of an irregular polygon. 

Rule. — Draw diagonals dividing the figure into trapeziums 
and triangles ; then find the areas of all these separately, sad 
add them together for the con i_ * *-*-- w h j e figure. 



<<- 



1 , To find the content oi 
B 




figure ABCDEFGA 

i are given the fallow 
ajoDals and perpendicu* 
mely, 

? 5-5 
52 
4-4 

1*3 
1-8 
L2 
0*8 
2-3 
3rd 

GDEF. For triangle GCD. 
4 4 
2-3 



> 



i> n 
Go 
Ep 



a- 1 

165 



2-0 
5 2 

10"4 



132 

SB 

1042 



17 05 double A BCG 
HMO double GDEF 
JO 12 double GCD 



2)3757 double the whole. 



M'W 
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2. Required the area of the figure ABCDEFG, when 
AC= 12, FD=11, GC = 9i, Gm = 3}, Bw = 4, Go = 2* 
Ejp = li, and D q = 4J feet. 

Problem VI. 

To find the area of a regular polygon. 

Rule I. — Multiply the sum of the sides or perimeter of the 
polygon by half the perpendicular from its centre to one of its 
sides, and the product will be the area. 

Rule II.— Multiply the square of the side of the polygon by 
the number opposite its name, in the column headed " Areas," in 
the Table to Prob. IV., Part II. and the product will be the area. 

FORMULAE. 

Let * = AB = side of the polygon, 
p = C P perpendicular from the centre 
on A B, n = number of sides of the po- 
lygon, and a = its tabular area ; then 

A = i np s, and A. = a s 3 . Also 

A 2 A A 2A 

8 = v— = , and p = 

a np n s 

EXAMPLES. 

1 . Required the area of a regular pentagon, the side A B of 
which is 25 feet, and the perpendicular C P = 17-205. 

By Rule I. 




17-205 
25 X 5 = 125 = 


= perim. 


By Rule II. 
1-7205 table area. 
625 = 25 2 


86025 
34410 
17205 


86025 
34410 
103230 


2)2150-625 



1075-3125 sq.feet. 1075-3125 sq.feet. Am. 

2. To find the area of the hexagon, the side of which is 20 
feet. Am. 1039*23 square feet. 

3. To find the area of the trigon, or equilateral triangle the 
side of which is 20 feet. Ana. 173-205 square feet. 

4. Required the area of an octagon, the siv&fe ^^V\^Sa>n& 1 
feet Ans. \9SV$1 square J«fc„ 







s&* *s?rf a?— -m*^- * 132 °*- «* 

«* ct^**-^^*^ 



** " f. and 3l 4i6 - _7 r > 'he droi* 
• - tt ; then 



^"^Wrf, 






V^-; also 






*i 
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exactly an acre, required the length of the chord with which the 
circle must he traced. 

B y the second formula, the length of the chord, or 

r = Vgq^: = 3 H y ftrds ver y nearl y- 

4. How many square yards are in a circle whose diameter is 
3} feet? Ans. 1069. 

5. How many square feet does a circle contain, the circumfe- 
rence being 10*9956 yards. Ans. 86*19543. 

6. The area of the piston of a steam engine is required to he 
1192 square inches to give it the requisite power ; required the 
interior diameter of the cylinder, and its exterior circumference 
the thickness of the metal being one inch. 

j f Interior diameter 39 inches nearly. 

' \ Exterior circumference 10 feet 8$ inches. 

7. The circumference of the circular paling of a plantation was 
found to be 235 J- yards, what is its area. 

Ans. 4400 square yards* 

8. What is the circumference of a circle, the area of which is 
an acre? Ans. 246 yards I foot 10i inches. 

Problem VIII. 

To find the area of a sector of a circle. 

Rule I. — Multiply the radius, or half the diameter, by half 
the arc of the sector, for the area. Or, multiply the diameter 
by the arc of the sector, and take \ of the product. 

Nora. The arc may be found By Prob. III. 

Rule II. — As 360 is to the degrees in the arc of a sector, so 
is the whole area of the circle, to the area of the sector. 

Nora. For a semicircle take one half, for a quadrant, one quarter, &c, of 
the whole circle. 

FORMULA. 

1 2 A 
A = -r x arc, andr = _. 

2 arc 

EXAMPLE. 

) 1. What is the area of the sector C AD B, tta ?*&»& Vraaatj 
I 10, and the chord A B 161 
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By Rule 1 100= AC 9 

64 = AE* 

36(6 = CE 
10 = CD 



4 = DE 




16 = DE 2 
64 = AE 2 . 

80(8-9442719 = AD 
8 



715541752 
16 



3)55-5541752 
2) 18-5180584 arc ADB 
9-2590297= half arc 
10 = radius 



92-590297 Ans. 
2. Required the area of a sector, the arc of which contains 96 
degrees, the diameter being 3 feet. 

•7854 = i ir 
9 = 3 2 



7*0686 = area of the whole circle. 
Then by Rule II., 

as 360° : 96° : : 7*0686 
or, as 30° : 8° :: 7*0686 : 1*88496 square feet. Ans. 

3. What is the area of a sector, the radius of which is 10 feet, 
and the arc 20 ? Ans. 1 1£ square yards. 

4. Required the area of a sector, the radius of which is 18 
feet, and the chord of its arc 12? Ans. 110-^ square feet. 

5. Jpfow many square yards are in a sector of 187° 37', the 
radius pf the circle being 289 ? Ans. 15194 square yards. 

6. BJequired the area of a sector, the radius of which is 25 
feet, and its arc contains 147° 29'. 

Ans. 804-4 square feet nearly. 

7. What is the area of a sector, the chord of the arc of which 

""right 6? Ans. 208.572 square feet. 
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8. Required the area of a sector greater than a semicircle, the 
chord of its arc being 12, and its diameter 15 feet. 

Am. 124J square feet. 
Problem IX. 
To find the area of a segment of a circle. 

Rule I. — Find the area of a sector haying the same arc as the 
segment, by the last problem ; find also the area of the triangle, 
formed by the chord of the segment and the two radii of the 
sector : then the difference of these two areas is the area of the 
segment. See Note 1 . 

Rule II. Divide the height or versed sine of the segment by 
the diameter, and find the quotient in the column of versed sines, 
in Table I., at the end of the book. Take out the corresponding 
area, in the next column on the right hand, and multiply by the 
square of the diameter for the area. 

FORMULAE. 

Put r = A E, C = A B, »-CD, 
p = E D, t = tabular area, and a = 

arc AC B; then 

A = i (ar - Cp) = | v VC 2 + f t> 2 . 
|Ct, + iJ*=(2r2)*. 

Note 1. When the segment is greater than 
a semicircle, find the area of the remaining 
segment, and subtract from the whole area of 
the circle for the required area. F 

Note 2. The first rule or formula gives an 
approximate value of the area, not very far from 
the truth ; the second and third are still nearer 
the truth ; and the last rule or formula may be 
considered as exactly true. 

EXAMPLES. 

1. Required the area of the segment ACBDA, its chord 
AB being 12, and the radius AE or C E 10 feet. 

First find C D and A C from the properties of the figure, and 
the length of the arc A C B by Prob . VII., P art II. ; then fi nd 
the area by Rule I. ; thus D E = VAE^AD 2 = yiO 2 — 6 2 = 
8, CD = CE — D E = 10-8 = 2, and AC = A/AD 2 +CD a = 

V6*T"2* = 6-324555; whence 6 ' 324555 * 8 "~ 12 ^ 

38-59644 = arc ACB, and by Rule I., £ (38-59644 X 10) — 
)i | (12 X 8) = 16*3274 square feet. Am. 

\ * This formula is due to B. Gomperti,^^,^ &V 
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By Rule II. The example being the same as before, we have 
C D equal to 2 ; and the diameter 20. 
Then 20) 2 (-1 

And to *1 answers . . . . '040875 per Table I. 
Square of diameter 400 

Am. 1 6 "35 00 square feci. 
By the second formula, the same example being still used, 

A = 1 t* V C3 + 1 p* = * \/ 1 2 a + J 2» = 1 G-35 1 1 square i 

which is very near truth. 

2. What is the area of the segment* the height of which is 
and the chord 20 feet. Am. 26 '3 6040, 

3* What is the area of the segment, the height of which 
18, and the diameter of the circle 50 feet? Am. G3G375. 

4. Required the area of the segment, the chord of which is 16, 

the diameter being 20 feet. Am, 447292. 

5. What is the area of a segment, the arc of which is a sexl 
the whole circumference of the circle being 25 ieet ? 

Am. 1*4312 stpk are feet- 

6. The chord of a segment is 40, and its height 8 feet? wl 
is its area by the third formula? Am, 219*73 square feet 



3 IU, 

IS. 



Problem IX, 

To find the area of a circular zone. 

{See figure to Prob. VIIL, Part II.) 

Rule. — The zone being first divided into a trapezoid (AIM 1 ! 
and two equal segments (li II D and AC), rind the area of f 
trapezoid by Proh. III., and the areas of the two segments 
Prob. IX. i which areas, being added together, wilt give the area 
of the zone. 



examples. 



1. The breadth of a zone is 42 feet, and its parallel chords i 
48 and 30 feet, required the area. 

Am* 253*08 square yard*, 

2. The two parallel chords of a circular zone are each 1C 
yards, and the radius of the circle 72 yards i required the area 
of the zone. Ami. 13508^ square yards, 

'\ The parallel chords of a circular zone are each 2^ feet, 
*' the circle If j required the area. 

Ana, 6^ square jeef vteq 



irea 
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Problem X. 

To find the area of a circular ring, or space included between 
two concentric circles* 

Take the difference between the two circles, for the ring ; or 
multiply the sum of the radii by their difference, and multiply 
the product by 3*1416 for the answer. 

FORMULAE. 

L A = ir (R 2 - r 3 ) = — (C 2 — c 2 ) ; in which R and r are 

the greater and lesser radii, and C and c the greater and lesser 
circumferences. 

EXAMPLES. 

1. The diameters of the two concentric circles being AB 20 
tnd DG 12 feet, required the area of the ring contained be- 
tween their circumferences A E B A, and DFGD. 

E 



AC == 10 
DC = 6 


3-1416 
64 


sum 16 
dif. 4 


12-5664 
188-496 




64 201-0624 

2. The diameters of two concentric circles being 20 and 10 
feet ; required the area of the ring between their circumferences. 

Ans. 235*72 square feet. 

3. What is the area of a ring, the diameters of its bounding 
circles being 6 and 4 feet? Ans. 15*708. 

4. The circular fences on each side a gravel walk, surrounding 
t shrubbery, are 800 and 714 feet in length ; what is the area of 
the walk, and what did it cost in laying with gravel at 1*. 4\d. 
per square yard. A f Area 1151 square yards. 

Ans - I Cost £79 2s. l\d. 

Problem XI. 

To find the area of a lune A C B D A. 

Rule.— Find by Prob. VIII. the areas of 
the segments A C B and A D B, formed by 

the chord A B of the two arcs of the lune, r 

and the difference of these areas will be the ^ 

area required. 
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EXAMPLES. 

1. What is the area of lune, the chord AB of which is i 
and the heights of its two arcs 5 and 3£ ft. 1 Ans. 25$ sq. m 

2. The chord of a lune is 40 feet, and the heights of its a 
and 20 feet ; required the area. Ans. 57*867 square y<m 

Problem XII. 

To find the area of an ellipse. 

Rule.— Multiply the product of the semiaxes T P, C 

3*1416 for the area. 

C m 

FORMULA. ^*~- 

A = a b it, in which a and b f 
are the semiaxes. f ( 

examples. \^ 

1. The axes of an elliptical ' ^^-- 
shrubbery in a park are 300 and n 
200 feet ; required the area. 

Ans. 5236 square yards, = 1 acre 396 square yar 

2. Required the area of an ellipse, the axes of which a 
and 50 yards. Ans. 274S square yards S/e 

Problem XIII. 

To find the area of an elliptical segment, the chord of wh 
parallel to one of the axes. (See last figure.) 

Rule. — Divide the -height of the segment by that axis c 
ellipse of which it is a part ; and find in the table of cii 
segments at the end of the book, a circular segment havini 
same versed sine as this quotient. Then multiply contii 
together, this segment, and the two axes, for the area requii 

examples. 

1. "What is the area of an elliptic segment m R ft, whose I 
R r is 20 ; the tranverse T R being 70, and the conjugat 
50 feet? 

70 ) 20 ( *2854 the tabular versed sine. 
The corresponding segment 
is -185166 
70 



12-961620 
50 



648*081000 square feet, the area required. 
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2. What is the area of an elliptic segment, cut off parallel to 
the shorter axis, the height being 10, and the axes 25 and 
35 feet? Ans. 162-021 square feet. 

3. What is the area of the elliptic segment, cut off parallel to 
the longer axis, the height being 5, and the axes 25 and 
35 feet? Ans. 97*8458 square feet. 

Problem XIV. 

To find the area of a parabola. 

Rule. — Multiply the axis or height VE 
by the base or double ordinate D F, and £ V 

of the product will be the area. 

FORMULA. 

A = -| a d, in which a is the axis, and 
d the double ordinate. 

EXAMPLES. 

1. Required the area of the parabola 
A V C, the axis V B being 2, and the D 
doable ordinate AC 12 feet. 

|x 12x2=16 square feet, the area required. 

2. The double ordinate of a parabola is 20 feet, and its axis or 
height 18 ; required the area of the parabola. 

An*. 240 square feet. 

Problem XV. 




To find the area of a parabolic frustrum A C F D. 

Cube each end of the frustrum, and subtract the one cube from 
the other ; then multiply that difference by double the altitude, 
and divide the product by triple the difference of their squares, 
for the area. 



C 8 — c 8 



FORMULA. 

in which a is the altitude, and C and c the 



A =•!■ a. — 5 -, 

7 C 2 — c 2 

parallel chords. 

EXAMPLES. 

1. Required the area of the parabolic fevxstrxrai kC V\** K^b 
being 6, DF 10, and the altitude BE 4 feet. 




2. What is the area of the parabolic frustrum, the two ends 
which are 6 and 10* and its altitude 3 feet. Aits* 24%- square feet* 

Note* Those who wish for further information on the areas of tin? conic 
sections. Are referred to the work a of Ememon, Hamiltim^ &c, it being foreign 
to the object of this ivork to give more on this subject. 



■ 9 ht 



Problem XVI- 

To find the arms of irregular figures whether bounded Ltf straight 
line* or curves. 

Case I. — When the figure is long and narrow. 

Rule. — Take the perpendicular breadth at several places, at 
equal distances; to half the sum of the first and last two breadths, 
add the sum of all the intermediate breadths, and multiply the 
result, by the common distance between the breadths for the 
fire a. 

Case II, — When the bread t Its or perjiendieulars are taken i 
unequal dtstances t the figure herag long and narrow. 

RtJ&E I- — Find the areas of all the trapezoids and tr 
separately, and add them together for the area* 

Rule II. — Add all the breadths together, and divide 
sum by the whole number of them for the mean breadth, wli 
multiply by the length for the area. — This method is not vei 
correct, hut may do where great accuracy is not required, 

EXAMPLES. 

I . The perpendicular breadths, or offsets of an irregular fig 
at five equidistant places are A D = $*% m p = 7'4 r n q = 9*2, 
_ ]Q% B C — 8*G feet \ and the common distances A m = 
\ feet ; required the area. 
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Dp g r C 




Am n o B 




By Rule I., Case 1. 

8-2 
8-6 

2)16-8 = sum 

8*4 =» $ sum 

7-4 

9'2 

10-2 

35-2 
50 

Ant. 1760*0 square feet. . 

2. The length of an irregular plank is 25 feet, and its perpen- 
dicular breadth at six equidistant places are 17*4, 20;6, 14-2, 
16*5, 20-1, and 24-4 inches; required the area. 

Ans. 30£ square feet. 

3. Take the dimensions and 
find the area of the annexed 
irregular figure, by Rule I. and 
II., Case II. 

Case III. When the breadth of the figure is large and its 
boundary curved or crooked. 

Rule. — Divide the figure into trapeziums and triangles, in the 
most convenient manner, taking offsets to the curved or crooked 
portion of the boundary. Find the areas of the trapeziums, 
triangles, and the offset pieces separately, which, being added 
together, will give the required area of the whole figure. 

example. 

The annexed figure is 
divided into two trape- 
ziums A B F G, B C E F, 
and one triangle C D E, 
with offsets on A B, A 6, 
CD, andDE. It is re- 
quired to measure the se- 
veral parts of the figure, 
and to find its area. 

The areas of the trape- 
ziums are found by letting fall perpendiculars on the diagonals 
A F, B E by Prob. IT., and the area of the triangle by Prob. IL, 
the areas of the several offset pieces being found by <rc& w *#3we 
of the cases of this Problem. 
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PROMISCUOUS EXERCISES. 

1 . The sides of three squares are 6, 8, and 34 feet j requin 
the side of a square that shall have au area equal to all tl 
three. Ans> 26 feet. 

2. In cutting a circle, the largest possible, out of a eard- 
5 het square j how much will be wasted. 

Ans* 5*365 square feet, 

3. The area of a square is 72 square feet ; required the length 
of its diagonal* Ans. 12 feet. 

4* A ditch 13 yards wide surrounds a circular fortress, 
circumference of the fortress being 704 yards ; required the 
of the ditch* Ans* 2 acres nearly. 

5< What is the area of a circular table the diameter of which 
is 50 inches. Ans. \$ square feet nearly , 

6. What is the area of an isosceles triangle, the base of whi 
is 5 feet 10 inches, and each side 8£ feet? 

Ans. 23 square feet 41 J- inches* 

7. Required the side of a decagon the area of which is 9 square 
feet. An** 1 foot 1 inch nearly. 

8. The side of a square is 50 yards, and its corners are cut off 
so as to form an octagon ; required the area of the octagon* 

Ans, 207 1 square yards. 



agth 

area 

ich 
ich 



PART IV. 
MENSURATION OF SOLIDS, 



DEFINITIONS. 

1. A Solid has three dimensions, length, breadth, and 
thickness, 

2, A prism is a solid, or body, whose ends are any plane 
figures, which are parallel, equal, and similar ; and its sides are 
parallelograms. 

A prism is called a triangular one when 
its ends are triangles ; a square prism, 
when its ends are squares ; a pentagonal 
prism, when its ends are pentagons; and 
so on* 





MENSURATION OF SOLIDS. 



53 




3. A. cube is a square prism, having six 
sides, which are all squares. It is like a 
die, having its sides perpendicular to one 
another. 

4. A parallelopipedon is a solid having 
six rectangular sides, every opposite pair of 
which are equal and parallel. 

5. A cylinder is a round prism, having 
circles for its ends. 

Note. A prism is called a right one, when its sides 
are perpendicular to its ends ; and an oblique prism 
when its sides are inclined to its ends. 

6. A pyramid is a solid having any 
plane figure for a base, and its sides are 
triangles, the vertices of which meet in a 
point at the top, called the vertex of the 
pyramid. 

The pyramid takes names according to the figure of its base, 
like the prism ; being triangular, or square, or hexagonal, &c. 



7. A cone is a round pyramid, having 
a circular base. 

8. A sphere is a solid bounded by one 
continued convex surface, every point of 
which is equally distant from a point within, 
called the centre.— The sphere may be con- 
ceived to be formed by the revolution of a 
semicircle about its diameter, which remains 
fixed. 



9. The axis of a solid, is a line drawn from the middle of one 
end, to the middle of the opposite end ; as between the opposite 
ends of a prism. Hence the axis of a pyramid, is the line from 
the vertex to the middle of the base, or the end on which it is 
supposed to stand, as O V. And the axis of a sphere, is the 
same as a diameter, or a line passing through the centre, and ter- 
minated by the surface on both sides. 

Notb. It is called a right pyramid when the axis \% ^f&^euSto&iEL \» ^h 
bate, but when inclined to the base, it is caWed mi o\A\<^x& vrtwsftftu 
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10. The height or altitude of a solid, is ft line drawn from ils 
vertex or top, perpendicular to its base, — This is equal to the 
axis in a right prism or pyramid ; but in an oblique one, the 
height is the perpendicular side of a right-angled triangle, whose 
hypothenuse is the axis, 

1 1 . Also a prism or pyramid is regular or irregular, as its base 
la a regular or an irregular plane figure. 

] 2. The segment of a pyramid, sphere, or any other solid, 
ft part cut off the top by a plane parallel to the base of 
fgure* 

13. A fnistrum or trunk, Is the part that remains a 
bottom, after the segment is cut off, 

14* A zone of a sphere, is a part intercepted between two 

parallel planes. When the ends, or planes, are equally distant 
from the centre, on both sides, the figure is called the middle 
zone, 

15. The sector of a sphere, is composed of a segment less 
than a hemisphere or half sphere, and of a cone baring the 
same base with the segment, and its vertex: in the centre of tf 

sphere. 



Lid, ii 

Z 

i the 



16. A circular spindle, is a solid generated 
hy the revolution of a segment of a circle abou 
its chord, which remains fixed. 



ted 

out 



17* A regular body, is a solid contained under a certain 
number of equal and regular plane figures of the same sort. 

18. The faces of the solid are the plane figures under which it 
is contained ; and the linear sides, or edges of the solid, are the 
sides of the plane faces. 

19* There are only five regular bodies: namely, 1st, the tetra- 
hedron, which is a regular pyramid, having four triangular faces : 
2nd, the hexahedron, or cube, which has 6 equal square faces ; 
3rd, the octahedron, which lias 8 triangular faces : 4th, the do- 
decahedron, which has 12 pentagonal faces; 5th, the icosalu ■ 
dron, which has 20 triangular faces. 






TABLE OF SOLID MEASURE. 






cubic inches = 1 cubic foot. 

feet = J cubic yard* 

** ? r V cubic inches, = 1 gallon. 
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Problem I. 
To find the solidity of a cube. 

Rule. — Cube one of its sides for the content ; that is, mul- 
tiply the side by itself, and that product by the side again. 

FORMULAE. 

Let I = length of the side of the cube, S its solidity, and s its 
surface ; {which two last are also used to represent the solidities 
and surfaces of all the solids in the following problems) then, 
S = Z 3 , and I = 8 V s - Also * = 6 J 3 . 

EXAMPLES. 

1. If the side A B, or A C, or B D, of a cube be 24 inches, 
what is its solidity or content ? 
By the Rule or the first Formula. 
24 
24 A B 



2304 
1152 

13824 Jns. 

2. How many solid yards are in a cube the side of which is 
22 feet? Ans. 394 solid yards 10 feet. 

3. Required how many solid feet are in the cube the side of 
which is 18 inches? Ans. 3f. 

4. What is the content of a cube, measuring 6 feet 8 inches 
eyery way ? Ans. 296 cubic feet 3'. 6". 8'". 

5. A cubical box contains 343 cubic feet ; required the length 
of its side. 

By the second formula I = 3 V s = 3 V 343 = 7 feet - 

6. How many square feet of deal will make a cubical box, lid 
included, each side of the box being 3 feet ? 

By the last formula, * = 6 I* = 6 x 3 3 = 54 square feet. 

Problem II. 
To find the solidity of a paraUehpipedon. 
Rule. — Multiply the length, breadth, awd ttagdi, «t tta&o&fe* 
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all continually together, for the solid content : that is, multiply 
the length by the breadth, and that product by the depth. 

FORMULAE. 

Put I = length, b = breadth, and d = depth of the solid; 

then S = / b d, I = -— -, b = — , d = ^7, Also, « = 

a id I 

2 J I (b + d) + b d) J . 

EXAMPLES. 

1. Required the content of the parallelopipedon, whose 
length A B is 6 feet, its breadth A C 2\ feet, and altitude B D 
If feet? 

1-75 = BD 
6 = AB 




10-50 
25 = AC 



5250 
2100 

26-250 Ana. 

2. Required the content of a parallelopipedon, the length of 
which is 10-5, breadth 4*2, and height 3'4. Am. 149'94. 

3. How many cubic feet are in a block of marble, the length 
of which is 3 feet 2 inches, breadth 2 feet 8 inches, and depth 
2 feet 6 inches ? Jns. 21|. 

4. A stone in the ruins of the walls of Balbec is 36 feet in 
length, 14 in breadth, and 12 in thickness; required its content, 
and its weight at the rate of 180 lbs. per cubic foot. 

Ans. 11088 cubic feet, and weight 891 tons. 

5. A rectangular cistern is to be made 32 feet in length and 
12 in breadth, and to hold 1920 cubic feet of water ; what must 
be its depth ? 

By the third formula the depth d = — - = -— = 5 feet. 

J l I b 32 x 12 

6. What quantity of deal is there in a box 3£ feet long, 2 
wide, and l^deep? 

By the last formula s = 2 j 3£ (2 + 1|) + 2 x 1£ j = 30| 
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Problem III. 

To find the solidity of any prism or cylinder. 

Rule. — Find the area of the base or end ; which multiply by 
the height or length ; and the product will be the content. 

To find the area of the surface of a prism or cylinder. 

Rule. — Multiply the circumference of the base or end by the 
length or height, and the product will be the area required. 

Note. If the whole surface be required, the area of the two ends must be 
added to the area found by the rule. 

FORMULAS. 

Put I = length or height, as before ; a the area, and c the cir- 
cumference of the base ; then 

J2 / g 

S = al = — , fe=— . Also s = cl -j- 2 a = surface of the 
4 «• a 

prism, including the two ends, and s = ir r I = convex surface 
of the cylinder, exclusive of the ends, r being the radius of 
the base* 

EXAMPLES. 

1. Required the content of a triangular prism, the length 
AC of which is 12 feet, and each side of its equilateral base 
2£ feet. 

By the Rule or first Formula. 

•433013 tabular No. 

6i = (2i)*" ^a-^J b ^l 8 



2-598078 
108253 




a = 2706331 area of end 
/== 12 length 

Ans. 32-475972 solid feet. 

2. Required the solidity of a triangular prism, the length of 
which is 10 feet, and the three sides of its triangular end or base, 
are 5, 4, 3 feet? Ans. 60 cubic feet. 

3. What is the content of a hexagonal prism, the length being 
8 feet, and each side of its end 1 foot 6 inches. 

Ans. 46*765 cubic feet. 

4. Required the content of a cylinder, the length of which is 
20 feet, and circumference 5? feet. 

By the second formula, 

S =— = OH) 3 X 20 x -07958 = 48-146 cubic fe^t. 

4 ST * 





5* What is the convex surface of a cylinder, the 
length of which is 16 feet, and its diameter 2 feet 3 
inches T 

By the last formula, 
* M trU 31416 x 2J X 16 = 113*0976 sq. feet 

6. Required the whole superficial area of a cylinder, 
the length of which ia 15 feet, and diameter 5 J feet? 

Ans. 32£ square yards, 

7- The whole superficial area of a triangular 
prism Is 143 square feet, and each side of its eqi " 
lateral ends 5 feet ; required its length ? 

By transposing the third formula, 

I = ' = 6 feet 8 inches nearly 



S* The diameter of a cylinder is 12 feet, and 
length 20 ; required the content ? 

Ans. 2262 cubic feet nearly. 

9* How many cuhic feet of stone is there in 
round pillar, the height of which is 16 feet, ani 
diameter 2 feet 3 in? Ans. 63*62 cubic ft. 

10. How many square yards of painting arc there 
in the convex surface of a column, the length of 
which is 20 feet, and its diameter 2 feet 7 

Ans. 13 square yards 8% feet nearly 



: 



Problem IV. 

To find the solidity of any cons or any pyramid. 

Rule, — Compute the area of the base, then multiply that art 
by the height, and take J of the product for the content. 

To find the convex surface of a right cone, or the slant 
fore of a right pyramid* 

Rule*— Multiply the circumference of the base by the slai 
height, or length of the side, and take half the product for 
surface. 






FORMULAE 

* T^ a 



Also * = \ c l\ V being the 
whole surface is required, the area of 



slant height. When the 
the base must he added* 

EXAMPLES. 

I. What is the solidity of a cone, the height € D of which 
md the diameter Afi of the base *2\ ? 
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Here 2* x 2£ x i x 5. 
2 2 

Then 7854 
6i 



4-7124 
19635 



4*90875 area of base 
12£ height C D 




58-90500 
2-454375 



3)61-359375 
20 453125 Ans. 
2, What is the solid content of a pentagonal pyramid, its height 

being 12 feet, and each side of its base 2 feet? C 

1-720477 tab. area a 

4 square side Jm 

6-881 908 area base Mm \\ 

4 1 of height co #rn4 



Ans. 27*527632 cubic feet. \L V 

3. What is the content of a cone, its height being 10J feet, 
and the circumference of its base 9 feet ? 

Ans. 22-561 cubic feet. 

4. Required the content of a triangular pyramid, its height 
being 14 feet 6 inches, and three sides of its base, 5, 6, 7. 

Ans. 71*0351 cubic feet. 

5. What is the content of a hexagonal pyramid, the height of 
which is 6*4, and each side of its base 6 inches. 

Ans. 1*38 cubic feet. 

6. If the diameter of the base A B be 5 feet, and the side of 
the cone AC 18, required the convex surface. 

31416 

5 diameter 



15*7080 circumference 
18 

125664 
15708 



2)282744 
Ans. 141.372 square feet. 
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7. What is the convex surface of ft cone, the slant side of 
which is 20, and the circumference of its base 9 feet? 

Ana* 90 square feet* 

8* Required the convex surface of a cone, the slant height 
which is 50 feet, and the diameter of its base 8 feet 6 inches ? 

Am, 6 6 7 * 5 9 square feet. 

9. The side of the equilateral base of a triangular pyramid 
5 feet, and its solid content 62£ cubic feet ; required its 
pendicular height. 

An** By the third formula, the height if found 17 feet 
inches iwnrhj. 

10. Required the weight of a hexagonal pyramid of marble 
each side of the base of which is 1 foot 3 inches, and the vertical 
height 10 feet, the weight of the marble being 170 lbs. p 
cubic foot. Am. 1 ton. cwt. 1 B\ lbs. 

11 A cone contains 8 solid feet, and its height is 2 fei 
what is the circumference of its base? Am. 12'28/£ nearly. 

12. The circumference of the base of a cone is 33 feet, 
the slant height S feet 9 inches ; required the content ? 

Am, 202-65 cubic feet 



Problem Y. 

To find the solidity of the frustrum of a cone, or any pyra\ 

General Rule/ — To the area of the two ends add 
square root of their product, and multiply the sum by \ of the 
height for the solidity . 

FORMULA. 

If A and a be the areas of the greater and lesser ends ; th 
S = $ (A + a + «jAa~) I. 

Ulten the solid is the frustrum of a cone t or of a pyramid, 
harhig its ends regular polygons. 

Rule. — To the sum of the squares of the radii of the em 
if a cone, or of the shies of the ends, if a pyramid, add tin 
product; and multiply the sum by 3' 14 16, if a cone, or by 
tabular number of the polygon, if a pyramid, and again by -J of 
the height for the content. 

F0RMULJE* 

which K and r are the radii of the ends, if a cone, or tl 
** the ends, if a pyramid. In the latter case w represents 



mid. 

the 
the 

- 

of 
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the tabular number of tbe polygon. If R and r be taken as tbe 
circumferences of the ends of a cone, tben it must be taken 
= -07958. 

To find the convex surface or frustrum of a cone, or the slant 
surface of a pyramid. 

Rule. — Multiply the sum of the circumferences of the two 
ends by -J- the slant height of the frustrum for the required 
surface. 

Note. When the whole surface is required the areas of the two ends must 
be added to the result of the Rule. 



EXAMPLES. 



1 . What is the content of a frustrum of a cone, the height of 
which is 20 inches, and the diameters of its two ends 28 and 20 
inches? 



28 


28 


20 


28 


20 


20 


224 


560 


400 


56 


784 
400 


— 


784 







■~-~~~ 


1744 

•2618 






13952 






1744 






10464 






3488 






456-5792 






20 = 


PQ 




Ann. 9131-5840 solid inches. 

2. Required the content of a pentagonal frustrum, the height 
of which is 5 feet, each side of the base 1 foot 6 inches, an 
each side of the less end 6 inches. 
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IS 
18 

144 

18 
324 



10$ 
324 

3G 

3)468 



156 \ of sum. 
1*720477 tab. area. 



10322862 
S602385 
1720477 



2G8-394412 mean area 
5 height PQ 



144 



12 

12 



134I97206O 
111-831005 
9-319250-4**, 



in cabic feet. 
3. What is the solidity of the frustrum of a cone, the altitui 



being 25, the circumference 
less end 10 feet? 



at the greater end 20, and at 

Ans. 464-205 cubic feet 



:<f-i 



4, How many solid feet are in a piece of timber, whose bases 
are squares, each side of the greater end being 15 inches, mid 
each side of the less end 6 inches ; also the length, or perpendi- 
cular altitude is 24 feet ? Ant. \ 9| cubic feet* 

5, To find the content of the frustrum of a cone, the altitude 
being 18, the greatest diameter 8, and the least 4 feet? 

An*. 527-7888 cubic feet 

6* What is the solidity of a hexagonal frustrum, the h 
being 6 feet, the side of the greater end 1 8 inches, and of 
less 12 inches ? Ans 24'68 cubic feet, 

7, The girts of the trunk of a tree at its two ends are 15 and 
10 feet, and its length 48 feet ; how many solid feet does it 
contain? (It and r being taken for the girts in the seeoi 
formula, &e.) Am. 604£ nearly, 

The height of the frustrum of an octagonal pyramid is * 
and the sides of its ends 26 and 19 ; required the soli 

Ava. IW279 cubic feet 




0. The sides of the ends of the frustrum of a 
square pyramid are 6 and 4 feet, and its slant 
length 20 feet, required its slant surface, 

6 x 4 ^ 24 \ 

4 X 4=-- 16/ 



ctrcumf. of ends. 




40 sum 
1 = i length 

9)400 

444 square yard*. 
Nora. The slant length is measured from the middle of 
one side to that of its corresponding side. 

10. The slant height of tower, in the form of 
a hex agonal pyramid, is 74 feet, each side of the 
base 7^, each side of the top 2\ feet ; required the area of the 
Bides, and the expense of painting it at 1*. 3d. per square yard. 
Ans. 2220 square feet, and -£15 8*. 4d~ 

] I . What is the convex surface of the frustrum of a cone, the 
slant height of the frustrum being 12 5, aud the circumferences 
of the two ends 6 and 8*4 feet? Ant. 90 square feet. 

12. Required the convex surface of the frustrum of a cone, 
the side of the frustrum being 1 feet G inches, and the circum- 
ferences of the two ends 2 feet 3 inches, and 5 feet 4 inches 7 

An*. 39l| square feet. 

13. The perpendicular height of the frustrum of a cone is 3 
fret, and the circumferences of the base and top 9 and 6 feet ; 
required the whole surface ? An** G8'35 square feet * 

Problem VI. 

To fnd the solidity of m wedge* 

RtjLE, — To the length of the edge add twice the length of 
hack or base, and reserve the sum ; multiply the height of 
wedge by the breadth of the base ; then multiply this pro- 
i by the reserved sum, and take £ of the last product for the 

ntent, 

FORMULA, 

8 = -J (2 I + £') 6 /<, the symbols denoting the parts ahoii 
OH the following figure. 

EXAMPLES. 

L What is the content in feet of a wedge, the altitude A] 
ffhich is 14 indies, its edge A B 2 1 inches, and the length i 
i base D E 32 inches, and its breadth CXi 4^ \nc\\s&1 



G* 



MENSURATION OF SOLIDS. 

M A 



85 



hp— -w 



315 
504 



5355 
892* 5 Am* in cubic inch en* 
1728<( 12 74^375 

1 12 6-197916 

"516493 Am, in cubic feet, or little more tk 

— - half a cu&ic fot 

-2. The edge and base of a wedge are respectively 9 feet, 
5 feet 4 inches in length, the base is 2 feet 8 inches in breadtl 
and the height 3 feet 6 in. ; required the content of the wedge. 

Ana, 30 cubic feet, T* 1". 
3. The height and length of edge, the length and breadth 
base of a wedge are each 2 feet ; what is its solidity ? 

Am* 4 cubic feet. 

Pboblxm VII. 

To find the solidity of a prinmoid. 

Definition. — The ends of a prismoid are parallel and dis- 
similar rectangles or trapezoids ; the solid is, therefore, the 
fru strum of a wedge, the part of the wedge next the edge being 
cut off* 

Rule. — Add into one sum, the areas of the two ends and 4 

times the middle section parallel to them, and ^ of that sum 
will be a mean area ; which being multiplied by the height, 
will ghc the coutent. 

Note, For the length of the middle section, take half the aum of the lengths 
of the two ends j and for its breadth, take half the sum of the breadths of 
the two ends. 



FORMULA. 



S = £ (L B I li + 4 M m) t the symbols representing tl 
parts shown in the folio wiug figure. 



J, How many cubic 



* 



EXAMPLE. 

feet are there in a atone, the ends of 
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which are rectangles, the length and breadth of the one being 
14 and 12 inches ; and the corresponding sides of the other 6 
and 4 inches : the perpendicular height being 30^ feet? 

6 



14 
12 



168 



10 

8 

80 
4 



320 

168 
24 

5) 512 



24 



N 


I k 


rr 


M I 


B\ 


•- T | 



85 J mean area in inches 
30£ height 



2560 
42£ 



144 



12 
12 



26026 
2l6 ; 8 
18-074* Ans. 



{ 



2. What is the content of a railway coal waggon, of which 
the length and breadth at top are 81£ and 55 inches at bottom, 
the length and breadth are 41 and 29£ inches, and the height 
47J inches 1 Ans. 73£ cubic feet. 

Not*. Several railway cuttings are in the form of a prismoid, with dissimi. 
kr trapezoidal ends. The following is an example of this kind, the bottom 
width being the same throughout. 

3. The top widths of a railway cutting are 120 and 90 feet, 
their respective depths 30 and 20 feet, the bottom width 30 feet, 
and the length of the cutting 3 chains or 66 yards ; required the 
content in cubic yards. Ans. 12466J cubic yards. 

Problem VIII. 
To find the solidity of a sphere or globe. 
Rule. — Multiply the cube of the diameter by # 5236. 



FORMULA. 



) 



S = \ D8 7T, and D = 3 ^ 



6S 




€S MENSURATION OF SOLIDS. 

EXAMPLES. 

1. The diameter of a sphere is 12 feet re- 
quired its solidity ? 

12 3 X -5236 = 904-7808 cubic feet. 

2. Find the content and weight of an ivory 
ball 3£ inches in diameter, the weight of ivory 
being 1 820 ounces (Av.) per cubic foot. 

Ans. Content 22*448 cubic in., and weight 24 ounces nearly. 

3. A 2j inch cube of ivory is turned into a sphere of the 
same diameter ; what weight of ivory will be lost ? 

Ans. 7*68 ounces. 

4. Required the solid content of the earth, supposing its cir- ■ 
cumference to be 25000 miles ? 

Ans. 263858149120 cubic miles. j 

Problem IX. 

To find the solidity of a spherical segment. 

Rule. — To three times the square of the radius of its base, | 
add the square of its height; then multiply the sum by the 
height, and the product again by *5236. 

FORMULA. 

S = i (3 r 2 + A 2 ) h 7T, in which r = AB, and A « CD. 

examples. 

1. Required the content of a spherical segment, its height 
being 4 inches, and the radius of its base 8 ? 

A 8 4 -5236 

8 4 832 




64 


16 


10472 


3 


192 


15708 
41888 


192 


208 
4 




435-6352 Ans. 



832 

2. What is the solidity of the segment of a sphere, the height 
of which is 9, and the diameter of its base 20 feet ? 

Ans. 1795*4244 cubic feet. 

3. Required the content of the spherical segment, the height 
of which is 2 }, and the diameter of its base 8*61684 feet? 

Ans. 71*5695 cubic feet. 
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Problem X. 

To find the solidity of a spherical zone or frustrum. 

Rule. — 4dd together the square of the radius of each end, 
and i of the square of their distance, or of the height ; then 
multiply the sum by the said height, and the product again by 
1-5708. 

FORMULA. 
S = £{3(R3 + t*) + h*}hn. 

EXAMPLES. 

1. What is the solid content of a zone, its greater diameter 
12 inches, the lesser 8, and the height 10 inches? 

6* = 36 ^-j — x 

i X 10 2 = 33£ iC^^Z^k 

86}X 10X 1-5708 = 1340-416 cubic in., ^~Z""JC"'- l y 
the content required. ^^...L--''' 

2. Required the content of a zone, the greater diameter is 12, 
leas diameter 10, and height 2 feet. Ans. 195-8264 cubic ft. 

3. What is the content of a middle zone, the height being 8 
L feet, and the diameter of each end 6 feet ? 

Ans. 494-2784 cubic ft. 

4. A cask is in the form of the middle zone of a sphere, its 
top and bottom diameters being 5 feet 8 inches, and its height 
5 feet, inside measure ; how many gallons will it contain ? 

Ans. 1193f gallons. 

Problem XI. 

To find the convex surface of a sphere, also of a segment and 
sme thereof. 

For the sphere. 
Rule. — Multiply the square of the diameter by 3*1416. 

For the segment or zone. 

Rule. — Multiply the circumference of the whole sphere by 
the height of the segment or zone. 
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CARPKffTEBB* AND J01VERS* WORK. 



and from float to floor, as far as they extend, for the other ; 
multiply the length by the height* 

In measuring joiners* work, the string ig made to plj clot 
every part of the work over which it passes, 

In roofing % the length of the rafters is equal to tlu 
string stretched from the ridge down the rafter, ami 
nves-board, till it meets with the ton of the wall. This i 
multiplied by the common depth and breadth of the rafters, 
the content of one, and that multiplied by the number of 
give* the eon tent of all the rafters. 

King post roof a , frc< t all the timbers in a roof arc men 

in the same manner as the 
joists, &c*, in flooring, In the 
an nex ed fi gure, r epre sen tj iig 
a truss for a roof, all the 
beams, as the tie-beani, king- 
post, braces, &©., are mea- 
sured to their full lengths, 
breadths, and thicknesses, in- 
cluding the lengths of tenons ; atao the parts cut out on each 
side of the king- post, to form abutments lor the braces, arc in- 
cluded ; unless their lengths exceed 2 feet each by 3 inches 
breadth, when their solidities must he deducted, pieces of smaller 
size, being considered of little or no value, are, therefore, included 
in the measurement. 

For stair-cases, take the breadth of all the steps, by mak 
a line ply close over them, from the top to the bottom ; 
multiply the length of this line by the length of a step for the 
whole area. — By the length of a step, is meant the length of 
the front and the returns at the two ends ; and by the breadth, 
is to be understood the girt of its two outer surfaces, or the 
tread and rise, 

For the lain* trade, take the whole length of the upper part 
of the hand-rail, and girt over its end till it meet the top of thr 
newel post, for one dimension ; and twice the length of the 
baluster upon the landing, with the girt of the hand-rail, for the 
other dimension. 

For wainscoting, take compass of the room for one di 
sion ; and the height from the floor to the ceiling, making the 
string ply close into all the mouldings, for the other dimension. 
— Out of this must be made deductions, for windows, doors, and 
chimneys, &c. 

For doors, it is usual to allow for their thickness, by adding 
// into both the dimensions of length, and breadth, and then 
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CARPENTERS AND JOINERS WORK* 



multiply them together for the area. — If the door be pannelled 
on both aides, take double its measure for the workmanship: 
but if one side only be pa one! led, take the area and its half for 
the workmanship. — For the surrounding architrave, girt it 

ufc the outermost part for one dimension, and measure over 
I far as it can be seen when the door is open, tor the other. 

Wmdtm-thutters, bases, fyc, are measured in the same 
manner. 

EXAMPLES. 

1. Eequired the content of a floor 48 feet 6 inches long, and 
eet 3 inches broad. 



Decimals, 
48-5 
24£ 



Duodecimals. 
48 6 
24 3 



1940 
970 
12125 



204 

96 

12 1 6 



1176-125 feet 1176 1 6 

11 76 125 squares Aiu. 11-76 1 6 

2. A floor being 36 feet 3 inches long, and 1 6 feet 6 inch 
broad* how manj squares are in it ? Am, 5 squares 9B\feet, 

3, How many squares are there in 173 feet 10 inches in 
length , and 10 feet 7 inches height, of partitioning ? 

Ans. 18*3972 squares, 

4* What cost the roofing of a house at 10*. 6i?, a square 
the length, within the walls, being 52 feet S inches, and tin 
breadth 30 feet 6 inches : reckoning the roof f of the flat ? 

Ans. ^12 12*. llf^. 

5. To how much, at 6s. per square yard, amounts the wain- 
scoting, of a room ; the height, taking io the cornice and 
mouldings being 12 feet 6 inches, and the whole compass 83 
feet 8 inches ; also the three window shutters are each 7 feet 8 
mches by 3 feet 6 inches, and the door 7 feet by 3 feet 6 inches; 
the door and shutters, being worked on both sides, are reckoned 
work and half work ? Ans. £M Us. 2%d. 

6. In a naked floor there are 2 girders, each 20 feet long, 
and 1 foot 2 inches by 1 foot; there are 16 bridging joists, each 
20 feet long, and 6j inches by 3 ; 16 binding joists, each 9 feet 
in length, and 8^ inches by 4 : 48 ceiling joists, each 6 feet 
long, and 4 inches by 2£: required the content in cubic feet. 

Ana. 144 cubic feet* 






SLATERS 9 AND TILERS* WORK. 

7. What will the wainscoting of a room cost at 4*. per squan 
yard; the height of the room, including cornice and the mould 
lugs, is 12| feet and the compass 125£ feet; there are thre< 
window shutters, each 7 feet 8 inches by 3| feet, and the door 
7 feet by 3^ feet ; the door and shutters, being worked on botl 
sides* are reckoned half work additional ? Am. £3B 1 2#« 2\£* 



SLATERS' AND TILERS 4 WORK. 

In these articles, the content of a roof is found by multiply- 
ing the length of the ridge by the girt over from eaves to eaves j 
making allowance in this girt for the double row of slates tit 
the hot torn j or for how much one row of slates or tiles is laid 
over another. 

When the roof is of a true pitch, that is, forming a right 
angle at top ; then the breadth of the h nil ding with its half 
added, is the girt over both sides. 

In angles formed in a roof, running from the ridge to the 
eaves., when the angle bends inwards, it is called a valley ; hat 
when outwards, it is called a hip. 

Deductions are made for chimney shafts or window holes* 



EXAMPLES. 






L Required the content of a slated roof, the length being 45 
feet 9 inches, and the whole girt 34 feet 3 inches. 

Dedcaals, Duodecimals. 

4575 45 9 

34± 34 3 



18300 
13725 
114375 



(i 



9)1566 II 3 
174 yds. 11' 3". 



9)1566*9375 feet 
yards 174404 

J. To how much amounts the tiling of a house, at 25*, 
per square; the length being 43 feet 10 inches, and the breadth 
on the flat 27 feet 5 inches, also the eaves projecting 16 inches 
on each side, and the roof of a true pitch ? Ant* £24 9*. 5|*r\ 
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PLASTERERS' WORK. 

erers' work is of two kinds, namely, ceiling, which is 

ag upon laths ; and rendering, which is plastering upon 

which are measured separately. 

contents are estimated either by the foot or yard, or square 

feet. Enriched mouldings, &c, are rated by running or 

easure. 

ctions are to be made for chimneys, doors, windows, &c. 

EXAMPLES. 

ow many yards contain the ceiling, which is 43 feet 3 
3ng, and 25 feet 6 inches broad ? 

Decimals. Duodecimals. 

43-25 43 3 

25£ 25 6 



21625 221 3 

8650 86 

21625 21 7 6 



9) 1102875 9) 1102 10 6 

'ards 122-541 Ans. 122 yds. Aft. 10' 6". 

» how much amounts the ceiling of a room, at lOd. per 
be length being 21 feet 8 inches, and the breadth 14 feet 
$s? Ans. £1 9s. 8frf. 

le length of a room is 18 feet 6 inches, the breadth 12 
ches, and height 10 feet 6 inches; to how much amounts 
ag and rendering, the former at 8d. and the latter at ZcL 
I ; allowing for the door of 7 feet by 3 feet 8, and a fire- 
5 feet square 1 Ans. £1 13*. 3d. 

:quired the quantity of plastering in a room the length 
t feet 5 inches, breadth 13 feet 2 inches, and height 9 feet 

to the under side of the cornice, which girts 8£ inches, 
ects 5 inches from the wall on the upper part next the 

deducting only for a door 7 feet by 4. 



"53 yds. 5 ft. 3 in. of rendering. 
Ans. ^ 18 5 6 of ceiling. 

39 0j| of cornice. 
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PAINTERS AND GLAZIERS' WORK. 



PA INTERS' WORK, 

Painters* work is computed in square yards. Every part 
measured where the colour lies ; and the measuring line is foi 
into all the mouldings and corners, 

Windows are done at so inueh a piece ; and it is usual to allow 
double measure for carved mouldings, &c. 



EXAMPLES. 



1 . How many yards of painting contains the room which 
65 feet 6 inches in compass, and 1 2 feet 4 inches high 1 

Am. H9 yards 6 feet 10'. 

2. The length of a room being 20 feet* its breadth 14 feet 6 
inches,, and height 1 feet 4 inches ; how many yards of pain! * 
are in it, deducting a fire-place of 4 teet hy 4 feet 4 inches, 
two windows each 6 feet by 3 feet 2 inches? Ans* 73^y* 

3. What cost the painting of a room at 6d. per yard ; its 
length being 24 feet fi inches, its breadth 1 & feet 3 inches, and 
height ! 2 feet 9 inches ; also the door is 7 feet hy 3 feet 6, 
the window shutters to two windows each 7 feet 9 by 3 feet 
hut the breaks of the windows themselves are 8 feet 6 inches 
high, and 1 foot 3 inches deep : deducting the fire-place of 5 feet 
by 5 feet 6? Ans. £3 3s. lO^rf, 



. 
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GLAZIERS* WORK, 

Glaziers take their dimensions either in feet, inches, and parts, 
or feet, tenths and hundredths. And they compute their work in 
square feet. 

In taking the length and breadth of a window, the cross bars 
between the squares are included. Also windows of round or 
oval forms are measured as square, measuring them to their 
greatest length and breadth, on account of the waste in cul ~ 
the glass. 

EXAMPLES 

1. How many square feet contains the window which is 4 
feet long, and 2' 75 feet broad? 

Decimals. Duodecimal a. 

275 2 9 

A\ 4 3 
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2. What will the glazing a triangular sky -light come to at 
lOrf. per foot; the base being 12 feet 6 inches, and the perpen- 
dicular height 6 feet 9 inches? Am. £1 15*. l$d. 

3. There is a house with three tier of windows, three windows 
in each tier, their common breadth 3 feet 1 1 inches ; 

now the height of the first tier is 7 feet 10 inches, 
of the second 6 8 

of the third 5 4 

Required the expense of glazing at I4d. per foot. 

Am. £13 11*. I0%d. 

4. Required the expense of glazing the windows of a house at 
13d. a foot ; there being three stories, and three windows in each 
story : the height of the lower tier is 7 feet 9 inches, 

of the middle 6 6 

of the upper 5 3 

and of an oval window over the door 1 10£ 
The common breadth of all the windows being 3 feet 9 inches. 

Am. £12 5«. 6d. 



PAVIORS' WORK. 

Paviors' work is done by the square yard, and the content is 
found by multiplying the length by the breadth. 

EXAMPLES. 

1. What cost the paving a foot-path at 3*. Ad. per yard ; the 
length being 35 feet 4 inches, and breadth 3 feet 3 inches ? 

Am. Content 32 yards 3 feet 6'. Cost £5 7s. U\d. 

2. What will be the expense of paving a rectangular court yard, 
whose length is 63 feet, and breadth 45 feet ; in which there is 
laid a foot path of 5 feet 3 inches broad, running the whole 
length, with broad stones, at 3s. a yard ; the rest being paved 
with pebbles at 2s. 6d. a yard? Am. £40 5s. \Q\d. 



PLUMBERS' WORK. 

Plumbers' work is rated at so much a pound, or else by the 
hundred weight of 112 pounds. 

Sheet lead used in roofing, guttering, &c, is from 7 to 12ibs. 
to the square foot. And a pipe of an inch bore is commonly 
13 or 14 lbs. to the yard in length. 



90 ARCHED AND VAULTED ROOFS. 

EXAMPLES. 

1. How much weighs the lead which is 39 feet 6 inches long, 
and 3 feet 3 inches broad, at 8£lbs. to the square foot? 
Decimals. Duodecimals. 

39'5 39 6 

3J 3 3 

118*5 
9-875 



128-375 
8* 



1027-000 
64-1875 



1091-1872 Arts. 1091^0*. 

2. What cost the covering and guttering a roof with lead, at 
1 8#. the cwt. ; the length of the roof being 43 feet, and breadth 
or girt over it 32 feet; the guttering 57 feet long, and 2 feet 
wide : the former 9*831 lbs., and the latter 7*373 lbs. to the 
square foot? An*. £115 9s. lid. 



118 


6 


9 


10 6 


128 


4 6 


H 




1024 




64 




H 




0H 





ARCHED AND VAULTED ROOFS. 

To find the concave surface of a circular^ gothic, or elliptical 
vaulted roof. 

Rule. — Multiply the length of the arch by the length of the 
vault for the required surface. 

Note. — The length of the arch, for most practical purposes, is found by 
applying a small chord along its concavity, and then measuring its length. 

EXAMPLE. 

What is the concave surface of Caerfylly bridge, over the Taafe ; 
which is a segment of a circle, span 140, height 35, and width 12 
feet? Am. 1944* 4 square feet. 

To find the content of a circular, gothic, or elliptical roof. 
Rule. — Multiply the area of the eud by the length of the 
roof for the content of the vacuity. 

To find the solid content of the materials. 
From the solid content of the whole arch take that of the 
vacuity for the solid content of the materials. 

EXAMPLE. 

Required the solidity of the vacuity and of the materials of a 



SPECIFIC GRAVITY. 
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rcular vault ; span 36 feet, height 18 feet, thickness of walls 
the spring 6 feet, thickness of crown 4 feet, and length of the 

rait 100 feet? 

m f 1884*96 cubic yards solidity of vacuity. 
m r * \ 2026*15 cubic yards solidity of materials. 
To find the surface and solidity of a dome, the height and 

mensions of the base being given. 
Rule. — Take twice the area for the surface, and multiply the 

•ea of the base by frd of the height. 

Note. Although these rules are only true when the domes are hemi- 

herical, yet they are sufficiently near the truth for all practical purposes. 

EXAMPLE. 

Required the surface and solidity of a hemispherical dome, the 
ameter of its base being 60 feet. 

j J Surface 314*16 square yards. 

An8 ' I Solidity 2094*4 cubic yards. 

Note 1. The surface of a saloon is found in the same manner as a vaulted 
of. 

Note 2. Rules might have been here given for the measurement of hay- 
icks, coal-heaps, &c. ; but these may be readily resolved into two or more 
those solids, the methods of finding the content of which are given in the 
ensuration of Solids, Part IV. Moreover, haystacks are usually sold by 
eight, and seldom or never by measurement. 



SPECIFIC GRAVITY. 

The specific gravity of bodies are their weights when corn- 
bred with an equal bulk of pure water, which, at the tempera- 
ire of 40°, weighs 1000 ounces avoirdupois per cubic foot. The 
Mowing table, therefore, contains the weights of a cubic foot of 
jveral bodies in ounces. 

A table of the specific gravity of bodies. 



Platinum . 


21470 


Light earth . . 1984 


Gold 


19260 


Solid Gunpowder . 1745 


Mercury . 


13600 


Sand . . . 1520 


Lead 


11325 


Coal . from 1030 to 1300 


Silver 


10470 


Pitch . . .1150 


Copper 


9000 


Box-wood . . . 1030 


Cast brass 


8400 


Sea- water . . . 1030 


Steel 


7850 


Common water . . 1000 


Iron 


7704 


Mahogany . . .1065 


Cast Iron 


. 7065 


Oak . . . .925 


Tin 


7320 


Ash . . . .755 


Granite . 


3950 


Beech ... 700 


Flint Glass 


3000 


Elm .... 600 


Marble 


. 2700 


Kr .... 540 


Freestone 


2500 


Cork .... 240 


Gay . 


2160 


Air ... . l\ 


Brick 


2000 
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LAND SURVEYING. 



To fintl the weight of a body front it* hulk. 

Rule, — Multiply the content of the body, in cubic feet, I 
its tabular specific gravity for its weight in avoirdupois ounces. 



EXAMPLES, 



1, Required the weight of a block of marble, whose length 
53 feet, and breadth and thickness each 12 feet, being the din 
sions of one of the stones in the walls of Balbec. 



63 x 



x 2700 



= 683^ tons, which is equal to 

burden of a second rate East India ship, 

2. What is the weight of a block of dry oak, which i 
lu feet long, and 3 feet by 2£ ? Am. 4336 16. nem 

To find the magnitude of a body from it* weight* 

Rule. 4 — Divide its weight m avoirdupois ounces bv its I 
specific gravity for its content in cubic feet, 

EXAMPLES. 

1, Required the content of an irregular block of freesto 
which weighs 1 cwt. 

112 X 16 ,. „ 

-= cubic feet, 



and 



2520 
112 X 16 X 1728 
2520 



= 122S-3 cubic inches. 



'1 , How many cubic feet are there in a ton of dry oak ? 

Am* 3fcf^| \ cubic feet. 
3. A cast iron pipe is 6 inches diameter in the bore and 1 
in thickness ; required the weight of a Tunning foot. 

Am. 67 45 1 



LAND SURVEYING, 

Description of Instruments used for Measuring 
Planning Surveys, 



AND 



THE CHAIN. 

The chain, nsually called Guntcr's chain, is almost generally 
used in the British dominions, for measuring the distauecs re* 
quired in a survey. It is 6G feet, or 4 poles, in length* and a 
divided into 100 links, which are joined by rings. The len^ "" 
of each Jink, together with half the rings connecting it with 1 
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adjoining links, is consequently — of a foot, or — _^7*02 

inches. At every tenth link from each end is attached a piece 
df brass with notches ; that at the tenth link has one notch, 
that at the 20th two notches, that at the 30th three, that at the 
40th font*, the middle of the chain, or the 50th link being 
marked with a large round piece of brass ; hence, any distance 
on the chain may be readily counted. Part of the first link, at 
each end, is formed into a large ring for the purpose of holding 
it with the hand. 

The cham acquires extension by much use, it should there- 
fore, be frequently examined, and adjusted to the proper length 
king out some of the rings between the links : for this pur- 
chains having three rings between each link are to be pre- 
ferred to those having only two. 

THE OFFSET STAFF. 

The offset staff is used to measure short distances, called offsets; 
hence its name. It is usually ten Huks in length, the links 
bein£ numbered thereon with the figs. 1, 2, 3, &c. It is 
usually pointed with iron at one end, for the purpose of fixing 
it in the gTound, as an object for ranging lines, for marking 
stations, &e. 



THE CROSS. 



The cross is an instrument used by surveyors to erect per* 
pendiculars. It is usually a round piece of sycamore, box, or 
mahogany, about four inches in diameter, with two folding 
eights at right angles to each other, or more commonly with 
two fine grooves sawed at right angles to each other, which 
answer the purpose of sights. It is sometimes fixed on a staff 
of convenient length for use, pointed with iron at the bottom, that 
,y be fixed firmly in the ground : but it is found more corn- 
eous in practice to have a small pocket cross, which may be 
readily fitted to the offset-staff, either by an iron spike on the cross 
being inserted in a hole made in the offset-staff, or the offset-staff 
being passed through a hole made in the cross, to about the 
eighth link from the piked end, at which place the staff must be 
shouldered, that the cross may rest firmly. 

DIRECTIONS FOR MEASURING LINES OH THE GROUND* 

Besides the instruments already described, ten arrows must be 
provided, about 1 2 inches long, pointed at the end, so as to he 
readily pressed into the ground, and turned at the other end, so 
ai to form a ring to serve for a handle* 






M 



MKABtfltt.Nt. LINKS* ON THE filtOI Nl>- 



In OIKDg the chain, marks are to by set up at the exti 
of the Hue to bo measured, as well as it* intermediate points, 
its extremities cannot be seen from one another, on 
of hills, woods, hedges, or other obstructions. Two pen 
are then required by the surveyor to perform the tncasur 
The chain leader starts with the ten arrows in his lef 
and otic end of the chain in lii» right; while the follower i 
main* at the starting point, who, looking at the staff or stare 
that mark the line to be measured, directs the leader to est 
the chain in the direction of the staff or staved. The 
then puts down one of his arrows, and proceed* a second ch 
Jengtb in the same direction, while the follower comes tip to 
arrow first put down, A second arrow being now put don 
by the leader, the first is taken up by the follower ; 
same operation is repeated till the leader has expended all 
arrows. Ten chains, or 1000 links, having now been meant 
and noted in the field book, the follower returns the ten ar 
to the leader, and the same operation is repeated as often 
necessary. When the leader arrives at the end of the 
the number of arrows in the follower's hand shows the 
of chains measured siuee the last exchange of ar- 
rows noted in the field book, and the number of 
links extending from the last arrow to the mark or 
staff at the extremity of the line, being also added, 
rives the entire measurement of the line* Thus, if 
the arrows have been exchanged seven times, and 
if the follower have six arrows, and from the arrow last 
down to the end of the hue be Hli links, the whole measurement 
will he lilH'.i links, or 7H chains 83 links, which is usually 
written thus — 7G'BS chains, the two last figures being decimals < ' 
a chain. 

In using the chum, cure must be taken to stretch it alway 
the same tension, as it will extend by much use, and will tbf 
fore require to be examined occasionally, and shortened, if ne 
aary, lint i good chain may be used several days on tolerab 
smooth ground, without any material extension, 

The surveyor must mark, or caused to be marked, every i 
on the fine, while it is being measured, with a staff or cross on i 
ground, entering its distance in the field book* 

When a survey is made for a finished plan, all remarks 
objects should be noted down ; a» buildings, roads, rivers, pon 
footpaths, gates, &fi. 

The bonndan of the estate measured ought to be carcfu 
rmL Jf the ditch be outside the boundary fence, it u*u 
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Problem II. 



FOUR STDED FIELDS. 



When a field has four sides, straight or crooked, measure the 
four sides, or lines near them, if crooked, taking the offsets: 
also measure one or both the diagonals, one of which will serve 
as a base in plotting the work, and the other for a proof-line ; 
or the proof-line may be measured in any other direction that 
may be most convenient. 

Sometimes the measurement of both the diagonals is pre- 
vented by obstructions, in such cases it will be sufficient to 
measure tie-fines across two of the angles of the trapezium, at 
the distance of from two to five chains from each angle, ac- 
cording to the size of the field. These tie lines with their dis- 
tances from the angles on the main lines will be found sufficient 
for planning the lines and proving them. 

EXAMPLE. 

In the annexed figure the A 
lines A B, B C, CD, DA are 
measured, marks being left at p, 
q, and r, and their respective 
. distances on the lines noted in 
the field book, thus furnishing 
the following method of laying 
down the plan. 

On A B, as a base, take A p 
= given distance, and with the 
distances Ar,pr, and centres 
A and j) describe arcs cutting in 
r ; then prolong A r, and lay off 
thereon the given length A D. 
In the same manner construct 
the triangle p B q, and make B C = its given length. Lastly, 
join D C, which must be of the length shewn in the field book, 
otherwise there has been some mistake either in the measure- 
ment, or in laying it down. Should this be the case, the whole 
of the work, firstly on the plan, and secondly in the field, must 
be gone over again till the error be discovered. 

Problem III. 

FIELDS HAYING MORE THAN FOUR SIDES. 

Various methods will suggest themselves to the surveyor for 
taking lines to lay down a field that requires more than four 
main lines to take its boundary. The method of &x\&&% «as3^ 
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fields into trapeziums and triangles is, in most case>, ci > 
and displays little skill on the part of the surrey or, especialli 
where all the sides are crooked, and where a plan is requi 
A few methods of surveying fields of this kind will, t\n 
be presented to direct the student ; although their variety of 
shape is »o endless, that no general rule can be given for laying' 
out lines on the ground, that shall give an incontestably accurals 
plan. To tie every angle in succession, though true in principle, 
is by no means a safe method* especially where there are a great 
number of angles to be tied, as an error in one of the tie-lines 
will derange the whole of the work, without affording the means 
of detecting where the error lies. 

Note, The following examples of survey s of this kind occurred in part of 
the guthor*i extensive practice, as n surveyor of parishes under the Tithe- 
Com minion*. The student is recommended to sketch the following &ped- 
meaa on a large scale, and find their contents by the usual methods. 

EXAMPLE, 

Here a field of five 
sides is surveyed by 
the same number of 
lines, viz, A B, B C, 
C D, 1) wi, and A*j tin- 
last two intersecting 
in E. These lines 
evidently constitute a 
decisive proof among 
themselves, and all 0? 
them are availabli 
taking the bound ai _ 
In surveying this field {poles or natural marks being supposed 
to be fixed at A* B, C, D, and E) commence close to the river' a 
edge, in the Hue A B prolonged backwards, enter the offsets and 
the station A in the field-book. On arriving atQ vi, in the 
direction E D f enter its distance., and bo on to B, measuring 
the line to the fence ; from B proceed to C, in like manner, 
measuring beyond the station to the fence, The place of I 
n is to be noted, on arriving in the direction E A* while met- 
suring C D. D m is next measured, the place of the © E being 
noted. Lastly, go from m to A, and measure A n t entering the 
pi nee of the G) E a second time, all the offsets being supposed 
to be taken during the operation. 

Construction of the plan. Select the distances A m, A E, and 
E m from the field-book, and with them construct the triangle 
4 m Ej prolong the sides to their ewUie lew^ths, ur^ to the 
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of reference, and marked thus ©. The hearing of the first main 
line is usually taken hy surveyors, from which the position of 
the plan with respect to the north is determined. This may he 
done by a common pocket compass, where great accuracy is not 



of © 2, and L. of © 5, &c, denote that the following 
lines are measured to the right of station 2, and to the left of 
station 5, respectively. 



To Survey with the Chain and Cross. 

An acre of land is equal to 10 square chains, that is 10 chains 
in length and one in breadth, or 1000 links in length and 
100 in breadth; an acre, therefore, contains 100,000 square 
finks, as per table of square measure below. Hence the con- 
tents in square links are, in the following examples, divided by 
100,000, or what is the same thing 5 figures to the right are 
cut off for decimals, the figures remaining on the left being 
acres. The decimals are then multiplied by 4 for rods, and 
again by 40 for poles. 

The following tables exhibit the number of chains and links 
in the different units of lineal measure, and the number of 
square chains and links in the different units of square 
measure. 



Links. 
25 

100 

1,000 

8,000 



A TABLE OF LINEAR MEASURE. 



Feet. 


Yards. 


Poles. 






16* 


5* 


1 


Chains. 




66 


22 


4 


1 


Furlongs. 


660 


220 


40 


10 


1 


5,280 


1,760 


320 


80 


8 



Mile. 

1 





A TABLE OF SQUARE MEASURE. 




8q. Links. 


Sq. Feet. 


Sq. Yards. 


Sq. Poles 
or Perches. 




625 
10,000 


272* 
4,356 


30* 
484 


1 
16 


Sq.Chs. 
1 


Rods. 


25,000 


10,890 


1,210 


40 


2* 


1 


Acres. 


100,000 


43,560 


4,840 


160 





4 


1 

< 


64,000,000 


27,878,400 


3,097,600 


102,400 


6,400 


2,560 





Sq.Mile. 

\ 
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Problem I. 

TRIANGULAR FIELDS. 

1 . Let A B C be a triangle, of which the survey, plan, and 
content are required. 

Set up poles or marks at the angles A, B, and C, and mea- 
sure from A towards B, and when at or near D, try with the 
cross for the place of the perpendicular C D ; plant the cross 

and turn it till the marks A 
and B can be seen through 
one of the grooves; then look 
through the other groove, 
and if the mark at C can 
be seen through it, the cross 

. is in the right place for the 

A D B perpendicular ; if not, more 

the cross backward or for- 
ward till the three marks can be seen as before directed. Sop- 
r» the distance A D to be 625 links, and the whole AB, to 
1257 links; return to D, and measure the perpen&cul&r 
DC, which suppose to be 628 links, thus completing the 
survey of the triangle. 

CONSTRUCTION. 

From a scale of equal parts, or plotting scale, lay off the 
base AB = 1257 links; on which take AD = 625 links; at 
ft erect the perpendicular D C, which make = 628 links ; join 
AC. CB, then ABC is the plan of the triangle. 

TO FIND THE CONTENT. 

Rvltr. — Multiply the base by the perpendicular, and half the 
product will be the area. 

EXAM PLUS. 

1. The dimensions being the same as found above, required 
the content. 

R<. 12o7 \ 62$ -*- 2 = 3*9469$ acres = 3a. 3r. 32p. 

2. 'live distance from the beginning of the base to the place 
of the perpendicular is 575 links* the whole base 954, and the 
perpendicular -4o ; what is the area of the triangle. 

v>;>4 \ 240 +■ 2 = 1*17342 = U. Or. 27£p. the content. 
^ Measuring the base of a crumble the place of the perpen- 
dxcuUt **$ found a; >o3 links, and its length 645; the whole 
bat* wa$ U34 links ; required the plan and area. 

Area. 4c 2r. 20p. 
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Problem II. 

FIELDS IN THE FORM OF TRAPEZIUMS. 

Fields in this form are usually divided into two triangles by 

iagonal, which is a base to both the triangles. 

Let A B C D be a field in the form of a trapezium, the plan 

I area of which is required. 

Vf easure from A towards C ; and let the place of the perpen- 

olar )»B be at 5*52, and its length 3*76, also let the place of 

: perpendicular n D be at 1 1 "82, and its length 3*44, and the 

gth of the whole diagonal A C be 13*91 chains, which com- 

tes the surrey : but it is usual also to measure the other dia- 

lal B D for a proof line, which is found to be 9*56 chains. 

Tote 1. The construction of each of the two triangles, forming the trape- 
d, is the same as the construction given to the first example in Prob. I. 
Tote 2. The longer of the two diagonals should always be selected for the 
; of the two triangles forming the trapezium, for sometimes the perpen- 
ilar will not fall on the shorter diagonal, without its being prolonged ; and 
» this is the case with both diagonals, one of the sides may be taken for 
ise, or two of the sides, if necessary. 

TO FIND THE CONTENT. 

EIule. — Multiply the sum of the two perpendiculars by the 
gonal, and half the product will be the content. 

EXAMPLES. 

I . Let the measurement of a trapezium be as above found , 
aired the content. 





344 
376 

720 
1391 




27820 
9737 


2) 


10-01520 




500760 
4 




003040 
40 




j -21 600 



ifow. 5a.tyr.Y£. 



210661 
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2. From the following notes, plan and find the content of a 
field. 



Perpendiculars 
on left. 


Base or 
Station Line. 


Perpendiculars 
on right. 


B 1278 

Begin 


to© C 

3250 
2504 

1272 

at © A 


1046 D 
and range West. 



Content. 37«. 3r. 2p. 
3. Give the plan and area of a field from the following notes. 



B652 
Begin at 




545 C 

and range East. 

Area. 5a. Or. 35jk 



ANOTHER METHOD. 



A four-sided field may frequently he surveyed hy dividing it 
into two triangles and a trapezoid, by perpendiculars on its 
longest side. 



TO FIND THE CONTENT. 



Rule. — Multiply the sum of the two perpendiculars by their 
distance on the base line for the double area. The double areas 
of the two triangles must be found as in Prob. I., and both he 
added to the double area of the trapezoid ; the sum being divided 
by 2, will give the content required. 



EXAMPLES. 



1. Required the survey and area of the following field. 

Measure the base A B, and put down in the field book the 
distances of P and Q, where the perpendiculars rise, &c, as 
follows: — 



cis of the four conjugate screw a, a, &c, that move the cross 
:res, correct for half the error, alternately loosing one screw and 
ghtening its opposite one, till the cross wires cut the same point 
J the distant object, during an entire revolution of the telescope 

cid its axis. 

The adjustment of the bubble tube. — Move the telescope 
lies in the direction of two of the parallel plate screws, and 
living motion to these screws bring the air-bubble to the 
atre of its run. Now reverse the telescope carefully in the 
s, that is, change the places of its ends ; and should the bubble 
ot settle in the same point of the tube as before, it shows 
bat the bubble tube is out of adjustment, and requires cor- 
ding. The end to which the bubble retires must then be 
oticed, and the bubble made to return one- half the distance by 
ning the parallel plate screws, and the other half by turning 
he capstain headed screws at the end of the bubble tube. The 
tfescope must now again be reversed, and the operation repeated, 
util the bubble settles at the same point of the tube, in the 
siitre of its run, in both positions of the instrument. The ad- 
stment is then perfect, and the clips, that confine the telescope 
I the Ys should be made fast, 

3 # The adjustment of the axis of the telescope perpendicular! [v 
the vertical axis. — Place the telescope over two of the pa- 
llet plate screws, and move them, unscrewing one while 
ere wing up the other, until the bubble of the level settles in 
he centre of its run ; then turn the instrument half round on 
t vertical axis, so that the contrary ends of the telescope may 
over the same two screws, and, if the bubble does not again 
ettle in the same point as before, half the error must he cor- 
ed by turning the screw B, and the other half by turning the 
ipo parallel plate screws, over which the telescope is placed « 
tfext turn the telescope a quarter round, that it may be over 
other two screws, and repeat the same process with thes& 
wo screws ; and when, after a few trials, the bubble maintains 
be same position in the centre of its run, while the telescope is 
ned round on the vertical axis, this axis will be truly ver- 
and the axis of the telescope being horizontal, by reason 
the previous adjustment of the bubble tube, will be perpen- 
dicular to the vertical axis, and remain truly horizontal, while 
be telescope is turned completely round. The adjustment is 
berefore perfect. 
There are several other highly approved levelling instruments, 
i Trough ton's and Gravatt's levels, &c, for the descriptions of 
pinch, see Baker's Land and Engineering Sttrtteijiruj * 
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toQD 




520 


p 


288 


G 120 


206 




Goto © F 




to© G 




440 


D230 


152 




L. of © C 




to © C 




550 


B 180 


410 


m 


135 


Begin 


at © A 



80 E 
o 



n 

130 G 
range E. 



CONSTRUCTION. 

The above field is divided into two trapeziums A B C G, 6DEF 
and the triangle G C D. Draw the diagonal A C, which make 
= 550 links ; at 135 and 410 set off the perpendiculars *» C = 
130, and n B=180 links respectively ; join AB, BC, CG, and GA, 
and the first trapezium will be completed. Then on CG, lay off 
Cq= 152, and draw the perpendicular q D = 230; join CD, 
D G, and the triangle is completed. Lastly, with centre G and 
radius o G = 120 describe an arc; and with centre D and radius 
o D = 314 (= 520—206) describe another arc, intersecting the 
former in o : through o draw the diagonal DF = 520 links, upon 
which, at 288 links, draw the perpendicular p E ; join DE, EF, 
FG, and the figure will be completed. 



130 


440 


120 


Double areas. 


180 


230 


80 


170500 trap. ABC G 










101200 tri. CDG 


310 


13200 


200 


104000 trap. DEFG 


550 


880 


520 


2)3-75700 








15500 


101200 


104000 




1550 






l-87850~la.3r.20ip. 



17O500 
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2. Required the plan and areas of two fields from the follow- 
ng dimensions. 



First Field. 





to A 




504 


E 98 


233 


Return 


to© B 




to D 




673 


C207 


472 




427 


Begin 


at © A 



Base 



Diag. 

268 B 
range "W. 



Area. la. 3r. \5p. 



Second Field. 



E290 

C 161 
Begin 
Area, 



to © F 


970 


520 


413 


R.of©D 


to © D 


744 


386 


303 


at © A 



Diag. 
181 B 



Diag. 

333 B 
range W. 



4a. Or. 9^. 



ANOTHER METHOD. 



A small piece of land, having several sides, may sometimes 
be most conveniently measured by taking one diagonal, and 
upon it erecting perpendiculars to all the angles on each side of 
it. The piece will thus be divided into right angled triangles 
and trapezoids, the areas of which must be calculated as in the 
two last Problems. 



EXAMPLES. 



1 • Required the plan and area of a field from the following 
notes. 





to © G 




1020 


F470 


890 


e 


610 


D320 


585 


C70 


440 


b 


315 


Begin 


at © A 



/ 

50 E 
d 
c 

350 B 
goE. 




Note. The method of planning the above field is ftuffi.ctart.t3 <L\ftax % *twaA\at 
preceding field-notes, and from what has been alceafry forcfe. 
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30800 



Trapc. C c <*D. Trape. D df F. 
D<* = 320Dtf = 320 
Cc= 70F/ = 470 

sum = 790 sum = 790 
cd = I45e/ = 395 



13050 
435 ! 



3950 
2370 



56550 240950 



Trapezoid B b e E. 
Bb = 350 

E<? = 50 

sum = 400 
h e =295 



Triangle EeG. 
G«= 410 
Ee = 50 

20500 



TrL F/G. 
G= 130 
/ = 470 

9100 
52 



TrLAftB. 
A 6 = 315 
B b = 350 

15750 
945 



61100 



110250 



Double areas. 

30800 

56550 
240950 

61100 
110250 
118000 

20500 



2)638150 



3-19075 



= 3a. lr. 3%>. Area. 
Problem IV. 

FIELDS INCLUDED BY ANY NUMBER OF CROOKED OR 
CURVED SIDES. 

When a field or estate is bounded by crooked fences, a line 
must be measured as near to each of them, as the angles or 
bends will permit ; in doing which an offset must be taken to 
each corner or bend in the fence. The offsets or perpendiculars 
thus erected, will divide the whole offset space into right angled 
triangles and trapezoids, the areas of which may be found as 
already shewn. 

Note 1. When the offsets are short, that is, not greatly exceeding a chain 
in length, their places on the line may be found by laying the offset-staff at 
right angles to the chain, as nearly as can be judged by the eye ; but when the 
offsets are large, and correctness is required, their places must be found by 
the cross, and measured by the chain. 

Note 2. The quickest method of laying down offsets, is, by laying the 
feather-edge of the plotting scale against the base or chain line, and sliding 
the offset scale along the feather edge to the several distances of the offsets, 
and pricking off their lengths, corresponding to theit raieral diatances. 
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Note 3. Unskilful surveyors usually add all the offsets taken on one line 
together and divide the sum by their number for a mean breadth ; but this 
method is very erroneous, especially where the offsets vary greatly in length, 
and should therefore be avoided where great accuracy is required. 



EXAMPLES. 

1. Required the plan and content of a right-lined piece of 
ground by offsets, from the following notes. 



h 
9 

f 
e 
d 
c 





to © B 


o 


955 


n 91 


785 


»i 57 


634 


7 88 


510 


*70 


340 


t84 


220 


A 62 


45 


o 


00 


Begin 


at ©A 




Ac d e f g 



range E. 



Ac = 45 
eh = 62 

90 
270 


ch = 62 
di = 84 

146 
cd = 175 

730 
1022 
146 


di = 84 
ek = 70 

154 

d e = 120 

18400 


ek = 70 
fl = 88 

158 
ef= 170 


// = 88 
g m = 57 

145 
fg = 124 


2790 


11060 
158 


580 
290 
145 




26860 




25550 


17980 









Double areas. 


gm =57 


h'B 


= 170 


2790 


A'n =91 


h'n 


= 91 


25550 









18480 


148 




170 


26860 


gK = 151 




1530 


17980 
22348 
15470 


148 




15470 


740 










148 






2) 1-09478 


22348 


, 0'fc*m = tofc.«fcr.«^ 








&* 
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Calculation by the erroneous method (See Note 3). 



00 

62 
84 
70 
88 
57 
91 
00 

8)452 



955 t = A B. 
5&i = mean breadth. 



5730 
4775 
477 

0-53957 = 0<i. 2r, 
which 



56i 



. 6/7. Content by this method, 
is 17 'perches too little. For 
this method is always erroneous except 
when the offsets stand at equal distances 
from one another, and when the first 
and last offsets are both 0. 



Some omit all the offsets that are 0, dividing the sum of the 
offsets by the number of real offsets ; by this method we shall 
have 

6)452 955 
75i 



7H 



4775 
6685 
318 



0*71947 = 0a. 2r. 34/?., which is 11 poles 
too much. 

2. To lay down a crooked piece of land, adjoining a river from 
the following notes. 






to © F 


197 


720 


163 


600 


226 


500 


139 


350 


80 


200 


74 


100 





000 


Begin 


at A 



p. 

range 



The content is found by the same method as in the preceding 

~*T»Jfcfe # 
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ectively added to, or subtracted from, the assumed distance 
: the datum line, and the next rise or fall again added to, or 
ibtracted from, the sum or difference: — thus 2*15, being a fall, 
\ subtracted from 100 (the assumed distance of the datum line) 
wiving 97*85 feet, the height of the ground at b ; the next fall 
)*75 is then subtracted from 97' 85, leaving 91*10 feet for the 
height at c ; and so on to 3*53, which is the last fall : — the next 
6*57, being a rise, is added, as well as 9 93 ; — thus the last re- 
duced level is 90*79 feet, which taken from the datum 100 
leave 9*21 feet, agreeing with the differences of the sums of the 
back and fore sights, and of the sums of the rises and falls, and 
showing the work of casting to be correct. Thus are obtained a 
series of vertical heights to be set off perpendicularly to the datum 
line, through the upper extremities of which the sectional line 
must be drawn. 

PRACTICAL LEVEL BOOK. 

(Datum line 100 feet below the bench mark at A.) 



Back 
Sights. 


Fore 
Sights. 


Rise. 


Fall. 


Reduced 
Levels. 


Dist " Remarks, 
ances. 


feet. 


feet. 


feet. 


feet. 


feet. 


chains. 


3-50 
4*10 


5-65 
10-85 




2-15 
6-75 


100-OOd 
97-85 
91-10 


4'fiO J BM on road 
7-80 L t0 ^ me ^ ms - 


5-04 


9-25 




4-21 


86-89 


11-60 


3-84 


12-91 




907 


77-82 


15-20 f Bottom of 


4-12 


7*65 




3-53 


74-29 


.... < canal, distant 


1049 


3-92 


657 




80-86 


21-00 [2-80 chains. 


12-96 


303 


9-93 




90-79 
100-00 


27-00 to B M at g. 


44-05 


53-26 


1650 


25-71 




4405 




16-50 








9-21 


diff. = 9*21 = 


= 9'21 < reduced level and 
[ datum. 



In laying down the sectional line from the above columns of 
•educed levels and distances, the former are always taken from 
i much larger scale than the latter, otherwise the undulations 
>n the surface of the ground would in many cases be hardly 
>erceptible. 
Draw the horizontal line A G, setting o*S t\ifc Sa&\»»RR& K7&, 
C, &c. $ &9 in the column of distances, iSaafc V* k^ — ^ 



From the arrangement of the Lines in the figure, it is evident 
that the triangles CAB, CDE are equiangular, and since A 
was made —CD, the triangles are equal in all respects, and eoi 
sequently A B = D E, 

Note L For various other method* of measuring obstructed lines, undi 
different eircumstauces, see Baker* 8 Land and Engineering Sm*veying, Chap. 

Not* 2* A sufficient detail of methods of surveying by the help of the en 
wh it-li, 1 1 10 ugh not much used by experienced surveyors, is a simple instrument, 
and its use readily understood by students. This method is, therefore, a 
proper introduction to the higher branches of surveying* besides, in rural 
districts, Tillages, &c, t few surveyors use the more expensive instrument, the 
chain and cross being found quite sufficient to measure the quantities of grow- 
ing crops, aad other such small surreys as may he there required. 



nt 

f 

ider 

DEI, 



LAND SURVEYING BY THE CHAIN ONLY. 

This method of surveying has long been adopted by experi- 
enced surveyors, who have found it, iu general, more accurate 
and expeditious, as well as better adapted to laying down ex- 
tensive surveys especially where no serious obstructions from 
woodlands, water, buildings, &c, exist ; the use of the cross, in 
this method, being entirely excluded by some surveyors, and 
by others only used for secondary purposes, as for taking oc- 
casionally long offsets, or for squaring of lines obstructed by 
b nil dings, water, &c. Instead of the cross some use the optical 
square for these purposes ; while some erect perpendiculars with 
the chain only. See Chap. III., Baker's Land and Engineering 
Surveying, 



Problem Z« 



T EI ANGULAR FIELDS* 



inc. i* 



When a triangular field, or piece of ground in that shape, is 
to be surveyed, set up poles or marks at each corner,, and mea- 
sure each side, leaving marks In at least two of the lines, and 
entering their distances in the field book ; then measure the 
distance between the two marks for a proof line r — or, one 
mark only may be left in one of the lines, which may be con- 
nected with its opposite angle for a proof line. 



EXAMPLES. 



L Required the construction and area of a field from the fol* 
lowing dimensions. 



, 
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to © n 


Proof 


384 


From 


O m 




to ©A 




1244 


n 


700 




L0 C 




to © C 




852 




LOB 




to © B 




1338 




1000' 


m 


600 


From 


©A 



line. 




A m D B 

When the triangle ABC is 
constructed, the proof line m n 
will be found to measure 384 
links, shewing that there has 
been no error in the work : 
also the perpendicular C D will 
be found to be 770 links' r 
whence the area of the triangle 
Range E. = 1338 x 770 -*- 2 =5-15130 
= 5a. Or. 2Ap. the area. 

Not*. If the proof line measured from the plan does not exactly, or very 
nearly, agree with that measured in the field, some error has been made, and 
the work mast be repeated. 

TO FIND THE AREA OF A TRIANGLE FROM THE THREE 
SIDES. 

Bulk. — From half the sum of the three sides subtract each 
ride severally and reserve the three remainders; multiply the 
half sum continually by the three remainders, and the square root 
of the product will be the area. 

Note, By this rule the area of a triangle may be found without laying it 
down, or finding the perpendicular. 

Adopting the preceding example, we have by the rule, 

1338 + 852 + 1244 , „ p , , 
o = 1717 = half sum of the three sides. 

Then 1717 — 1338 = 379 = 1st remainder; 1717—852 = 
865 = 2nd remainder; 1717 — 1244 = 473 = 3rd remainder; 
whence */(1717 X 379 x 865 X 473) = 5-15022 = 5a. Or. 24p. 
the sum as the area already found by measuring the perpendicular 
from the plan. 

Not*. This method of finding the areas of triangles is very little used in 
practice, on account of its requiring a tedious calculation, which may, however, 
be more readily performed by logarithms. 

2. It is required to lay down a survey and find its content from 
the following field notes. 



The several differences of the sums of the back and fore sight: 
of the sums of the rises and falls, and of the last reduced level 
tad the datum, exactly agreeing, proves the accuracy of the 
arithmetical operation in the preceding level book, all these dif- 
ferences being 49*33 feet, which is the height of the last station 
above the first. 

It is advisable for the surveyor to reduce the levels in the field 
as he proceeds, as it will occupy very little time, and can he easily 
done while the stafTrnan is taking a new position. The surveyor 
will thus be enabled to detect with the eye if he is committing 
any glaring error ; for instance, inserting a number in the column 
of rises, when it ought to be in that of falls, the surface of the 
ground at once reminding him that he is going downward instead 
of ascending. 

It is seldom the case in practice that the instrument can be 
placed precisely equi-distant from the back and fore staves , on 
account of the inequalities of the ground, ponds, &c. ; it wonld 
appear, therefore, to be necessary, to make our results perfectly 
correct, to apply to each observation the correction for curvature 
and refraction as explained at page 118: this, we believe, i? 
seldom done unless in particular cases, where the utmost possible 
accuracy is required, on account of the smallness of such cor- 
rection, as may be seen by referring to the table at the end o 
the book, where this correction for 1 1 chains is shown to be no 
more than y^ part of a foot ; and as the difference in the dis- 
tances between the instrument and the fore and back staves can 
in no case equal that sum, it is evident that such correction may 
be safely disregarded in practice. Besides, it is not necessary to 
have the level placed directly between the staves while making 
observations, as it is frequently inconvenient to do so, for rej 
just given, nor does a deviation from a line of the staves, in this 
respect, in the least affect the accuracy of the result. 

The distances in the sixth column of the level book are 
assumed to be horizontal distances, and in measuring them, care 
should be taken that they are as nearly such as possible, or the> 
must be afterwards reduced thereto, otherwise the section will 
be longer than it ought to be. For the purpose of assisting the 
surveyor in making the necessary reduction from the hypothe- 
misal to the horizontal measure, wmeii laying down the section j a 
table is given in Baker's Land and Engineering Surveying, page 
146, shewing the reduction to be made on each chain's length 
for the several quantities of rise, as shewn by the reading of 
the staves* 

Note. For extensive information cm thifi subject see Baker'x Land 't»<f 

/Ztpiiteeritog Surveying t where an engraved pUn and tefi&a&, u&a^ttd to Ihh 

/sample, are given at the end of the worV. 
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THE METHOD OF LAYING OUT RAILWAY CURVES 
ON THE GROUND. 

In railway practice, the curve adopted is always an arc of a 
circle, to which the straight portions of the railway are tangents 
at each extremity of the arc. Sometimes the curve consists of 
two, three, or more circular arcs with their concavities turned 
in the same or different directions, as in the compound and ser- 
pentine curves. 

Problem I. 

To lay out a railway curve on the ground by the common 
method. 

Case I. — Let H A, q x q s be the tangental portions of a rail- 
way, the extremities A and q 4 of which are required to be 
united by the circular curve A q Ai to which HA,^ q x shall be 

3;ents ; the radius of the curve being supposed to be previ- 
y determined. 

Let the radius 
in this case be 
80 chains or one 
mile; prolong the 
tangent B A a 
distance A p = 
1 chain; then op- 
posite 80 in table 
No. 2, at the end 
of the book, is 
found 4 '95 inches 
=pq, which set off at right angles to Ap, thus giving the first 
point in the curve. In the direction A q 9 measure qp 2 = 1 
chain, and set ofip 9 q a = twice p q = 495 x 2 = 9*9 inches, 
at right 'angles to q p 2 ; then q 9 is the second point in the 
curve. This last operation must be repeated till the curve 
shall have been set out to the point gr 4 . Lastly q 4 p s being 
measured = 1 chain, in the direction q z q xi the offset p s q 5 will 
be found =4*95 inches = the first offset p q> thus proving the 
accuracy of the work. In this manner the operation is con- 
ducted, whatever be the length of the curve. 

Case II. — Let A O = r, and b = A p > = q p 2 &c, which 
may be either less or greater than one chain ; then the general 

length of the first and last offsets p q, p 5 p s is — , and the 

2r 

length of each of the other offsets is — , or taice tlva fek <st 
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Inst offset; but the length of the offsets giren in the tabh 
represented by — ; therefore, If A p, qp §t &c, be taken i 

3, 4, iftc., chains, the value of — must be multiplied 2 

4, 3* = 9, 4* = 16, &c, respectively to find p q, and the 
suit, in each case, multiplied by 2 for each of the offsets p f i 
p 3 q zl jkc. In this manner the curve may be set out mo 
speedily, and with less liability to ertOT, on account of the le 
number and greater length of the lines required in the ope 
tion. 

EXAMPLE. 

A* 

Let AO = r= 1 20 chains, and & = 4 chains ; then - s 

X 1 6 = 3"3 x 1G = 52*8 inches 4 feet 4-8 inches = p q; whe 
4 feet S inches X 2 = 4'8 feet 9"6 inches = p 3 q?, p 3 q 3 = 

Note 1. When the curve has been correctly set out> as in Case II,, the into 
mediate stumps may be put. in at the end of every chain, if required, by i 
method given in Case 1, The distances of the intermediate stumps, UuM p 
in, will not + in most cases, exceed a fraction of an inch ; because the lengl 
the offsets q, p a q a , &c M is so small, that the curvilinear lengths A y, q q q v 
&c, can never greatly exceed those A p, qp a , &c. 

Note 2. The method given in Case 1L, is (sufficiently accurate when a does 
not exceed ^ of the radius of the curve. Besides, at the closing point of the 
curve, as at q A , the distance q n p A is most commonly less or greater than S. Let 

f/ 9 p 4 =* d \ then the offset p± q 4 , at the end of the curve is ^ * ' ; and, 

2r 

when 5 n 1 chain, p+ q* =\ -L j or the tabular number for the 

2 r 
radius must be multiplied by (S + d)d f or by (1 +■ <l)d, according as A/i, qp ti 
&C, is taken = 5 chains or I chain, to give the last offset p 4 q A j ^ of wiY " 
15 = P& f /st the offset to the tangent y A q s * 
example;* 
Let r = 1 20, and 3 = 4 chains, as in the last example, and 

let q 3 p x — d — 2*68 chains ; then p 4 q 4 — — X {'6 + d) d = 

2 f 

3*3 X (4 + 2-68) x 2-68 = B9-Q7 inches; £ of which, 
29 "535 inches is = p & q s * 

Note 3 t When 5 exceeds ^ of the radiui r of the curre, the following for* 
inula ought to be used for finding the offsets. 

p q = r *fr 9 — B*, 
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way curves have been laid out. It was invented by the author about 30 years 
igo, when the Stockton and Darlington Railway was laid out, and eagerly 
tdopted by engineers as it involves very little calculation, and does not require 
the use of a theodolite. It is, however, defective in practice, on account of 
its requiring so very many short lines connected together, as errors will un- 
«?oidably creep in and multiply, and more especially so where the ground is 
rough ; thus the curve has frequently to be retraced several times before it 
can be got right ; hence the author prepared the methods in the following 
Problem. 

Problem II. 

To lay out a railwag curve on the ground, by offsets from its 
tangents, no obstructions being supposed to prevent the use of the 
chain on the convex side of the curve. 



-When the length of the curve does not exceed \ of 




Case L- 

iU radius. 
Let AB, DC be 

straight portions of a 
railway, the points C and 
B being required to be 
joined by a circular curve 
B C, to which A B, D C 
shall be tangents, the 
radius B O of the curve 
being supposed to be pre- 
viously determined from 
an accurate plan of the 
intended railway. 

Range the tangents A B, D C till they meet at T ; and let 
the radius B O = 80 chains = 1 mile ; measure on B T the dis- 
tance B q = 1 chain ; and, at right angles to B T, lay off the 
offset qp = 4*95 inches, by Table No. 2, as in Problem I. ; then 
p is the first point in the curve. Next measure q q 2 = 1 chain, 
and lay off the offset p 2 q 2 = 4*95 X 4 for the second point in 
the curve. The successive offsets, at the end of every chain, 
being 4, 9, 16, &c, or 2 2 , 3 2 , 4 2 , &c, times the first offset pq, 
which may also be found opposite the given radius in the Table 
No. 2., as in Prob. I. 

When the offsets have been thus laid out, till the last one 
q 5 p 5 falls little short of T ; lay off the same offsets on T C as 
were laid off in B T, but in an inverted order, making the first 
distance on T C = Tq s ; thus completing the curve to C. 

Note. It can rarely happen in practice that the last offsets, from both tan- 
gents, will meet at the middle point p s of the short curve, as shewn in the 
figure ; but will either intersect one another or fall %\\ott of thfc \aiddia, \fc\»*. \ 
but this is a matter of no consequence. 



no 
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EXAMPLE. 

Let the radius of the curve be 1 GO chains, required the oflk 
at the end of every chain, from the tangent to the curve. 
{} tj per Tabic {No, 1.) = 2-475 inches * 
Jj a tf a = 8*47$ x 4 = B'*J — — ■ — 

p % i is = 2'47;> x 9 - 2*2-275 — 

PsU - 2 *475 X lb" = 39'd" 

&c. — fcc, ss &c. 

Case IL — Jb Imj uut the curve when it is any required lemjth. 

In a long curve (of which there are some more than two mile 
in length) the tangents, if prolonged to their point of meetao 
would necessarily fall at a great distance from the cun 
giving an inconvenient length to the offsets, which in pra 
should never exceed two chains. To remedy this mconvenien 
the curve must be divided into two or more parts, by introducing 
one or more additional tangents, thus the offsets may be confiuu 
within their proper limits. Thus the tangent TC may* in 
case, be extended, another tangent applied, and the offsets luul 
off, thus repeating the operation of Case I. a second time : it" the 
curve be not yet completed, the operation may be repeated i 
third, fourth, &c, time, till it he completed. 

Note* For a complete development of this important subject, see Bak 
Land and Eaf JMe t'itiQ SurGeintjj Part IL, Chap. IL, where two other meth 
of laying out railway curves are jjiven ; also methods of laying out conipoii 
serpentine and deviation curves, with original formulae ; all of which methoi 
as well &s the two already given, were first drawn up by the author, 
page 179 af the work ahove referred to, where a short history of the iam 
ion is given. See, abo, Tate'* Geomehy, page 147. 



CONTENTS OF RAILWAY CUTTINGS, &c. 

TABLES. 

Tbe General Earthwork Tables, in conjunction with 
fliarij Tables* on the same sheet, in Baker & Railway 
ffineerwf/t or the numbers for the slopes in Bidder* Table, 
applicable to all varieties of ratio of slopes and widths of forma- 
tion level in common use ; and with the help of Barlow's table K 
square roots, these tables will apply to sectional areas, with all 
the mathematical accuracy that can be attained, with very little 
more calculation than adding the contents between every two 
eross-sect'ionS) as given by the General Table* — The contents 
tJie General Table are calculated to t\\e, uraxe**. w£\v» %& «x« T 
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the Auxiliary Table, No. 2, which is for the decimals of 

he depths. The Auxiliary Table, No. 1, shews the 

f the meeting of the side-slopes below the formation- 

:h the number of cubic yards to be subtracted from the 

of the General Table for each chain in Jength, for eight 

)st common varieties of ratio of slope. 

llowing diagrams and explanations will further illustrate 

tod of taking the dimensions of railway cuttings, pre- 

to using the above named tables. 

BD C c abd, be a railway 

of which ABDC, abdc 

:oss sections, A B = a b = 

brmation level, M M', m tn! 

le depths of the two cross- 

the side-slopes AC, D B, 
■vhen prolonged two and 

intersect at N and w, at 
)ints the prolongations of 

* m' will also meet, thus constituting a prism A B N 
content of which is to be deducted from the whole 

;iven by the General Table, by means of the Table No. 
liich the depth M'N = wn is also given, as already 

• several varieties of slope and bottom width, 
ce this subject in a more practical point of view, let the 
figure represent a longitudinal and vertical section of a 
massing through the middle A E of the formation level, 
line of the rails, and a h, the line on which the slopes, 
ged, would meet, 
be seen that the ? 
A b c d E com- 
nd runs out on the 
1 level A E, and 

depth Afl=Be 
: &c, is to be added 
everal depths B b, 
of the cutting, the 

last depth at A 
ing each = ; or, what amounts to the same thing, the 
jpths must be measured from the line a h : thus Ao, b e, 
are the depths to be used. And since the depth A a is 
^able No. 1, for all the most common cases, or it may be 
und by calculation for all cases, (see Railway Engineer- 
line corresponding to a h must, therefore, be ruled on 
ay^ section, at the proper distance taVrc fe^^i* ivssa. 
€ several depths must be measwieA*, at \>&fc -s«&k&> 
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scale may be marked with Indian ink, (which may be re 
rubbed off) at the same distance, and this mark may tin n t 
applied to the formation level A E, for the purpose of measu 
the several depths* — In the case of an embankment, the line I 
the several depths must be placed at a like distance above 
formation level* 

Problem I. 

The several depths of a railway cutting to the meeting of (he 
slopes, the width of formation levels and the ratio of the xftrppx 
awn, to find the content of the cutting in cubic yards, 
Tables referred to> the distances of the depths being one chant tack, 

Rule. — Take the several quantities, corresponding to 
two succeeding depths of a cutting, or embankment, measured 
the meeting of the side slopes, at the distance of 1 chain 
from the General Table in Baker's Railway Enginea 
multiply their sum by the ratio of the slopes; from the 
subtract the cubic yards, corresponding to the given boti 
width and ratio of slopes from Table No. 1 ,, multiplied by the 
whole length of the cutting, and the remainder will be the cod* 
tent of the cutting in cubic yards. 

But, when the distances of the depths are greater or less 
1 chain, the quantities of the General Table must be multiplied 
their respective distances. — And, when the distances are given 
feet* the quantities must be multiplied by those distances, and tin 
final result divided by C(i for the content in cubic yards, as in tW 
following 

EXAMPLES. 

1, Let the depth of the railway cutting 
or embankment to the meeting of the 
side-slopes, at the end of every chain, be 
as in the following table, the bottom -width 
30 feet, and the ratio of the slopes as 2 to 
1 ; required the content in cubic yards. 

Nora. In the annexed table the quantity 1238, 
corresponds to the depths 10 and 33 feet, in the 
General Table; the quantity 31 75 to the depth* 
33 and 39 , nnd so on for the succeeding depths. 
By the Auxiliary Table No. l,it will be seen* that 
the depth to he added below the formation level, 
for tin- given width and ratio of slopes, ia 7-50 ^ 
7^ feet, therefore, the ratting begins and en da with 
a depth of 1(1 — 7| — 2£ feet. The corresponding 
mimber of cuhk \;mls,tu he deducted for ea<fo e\\wt\ 





lipyith 




ebaint* 


in feet* 


U 


10 




100 


53 




2*00 


39 


am | 


300 


35 




4-00 


10 


1355 ; 


Fur slope ] to 1 


..012* 1 

2 1 


For slope 2 to 1 , 


i$m 


Subtract 1 

H ] 


cubic ye 


ii.r 


17156 
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h, is multiplied by 4 chains the whole length of the cutting, thus 
;he whole quantity to be deducted, the remainder being the true 
in cubic yards of the cutting. 
The several depths 
ilway cutting to the 
ig of the side slopes 
; in the annexed 
the bottom width 
30 feet, and the 
>f the slopes 1^ to 
quired the content 
cutting. 

!. When any of the dis- 
between two succeed- 
ths is greater or less 
chain, the correspond- 
ntity from the General 
aust be multiplied by 
•ticular distance ; as the 
as between the depths 
15, and between 32 and 
the distance being 2 
The last distance, viz., 
;ween30and 10, is 1/46, 

case 2 figures must be out off for decimals, after multiplying. 
Jet the depths of a 



Dlst. in Depths 
chains, in feet. 


Products for Dist. 


Total 


greater than 1 chain, quantities. 





10 






1-00 


16 




420 


200 


20 




705 


4-00 


25 


1234 x 2 


2486 


5-00 


32 


• • • . 


1996 


7-00 


39 


3091 x 2 


6182 


8*00 


45 


. ■ . . 


4319 


1000 


50 


5520 x 2 


11040 


1200 


40 


4971 x 2 


9942 


13-00 


30 


«... 


3015 


14-46 10 


1059 x 1-46 


1546 


For side slopes 1 to 1 


41741 


For side slopes 4 to 1 

For side slopes 1£ to 1 


20870 


62611 


366-67 x 14-46 = 


5302 




Conte 


nt in cubic yards 


57309 



Dist. in 


Depths 
in feet. 


feet. 





37 


90 


50 


178 


61 


278 


39 



Quantities multi- 
plied by length. 



Total 
quantities. 



4660 
7554 
6210 



90 
88 
100 



419400 
664752 
621000 



For slopes 
Forjslopes 



ltol 1705152 

Jtol 852576 



For slopes 1J to 1 2557728 

366-67 x 278 = 101933 



y cutting to the 
g of the side slopes, 
eir distances in feet 
a the annexed table, 
ttom width 30 feet, 
e ratio of the slopes 
1; required the con- 
i cubic yards. 
:. When the distances 
set the quantities from 
I Table must be re- 
sly multiplied by their 
bs, the quantity from 
So. 1, by the whole dis- 
md the result divided 
the feet in 1 chain, for the content in cubic yards. 

Problem II. 

e I. — The areas of two cross sections of a railway cutting 
intersection of the side slopes, its length in chains, bottom 

and the ratio of the slopes are given ; required the content 

cutting in cubic yards, 

^e. — Witih the square roots of the g^fctv uce&& *a» ^&\&b&* 



66)2455795 



Content in cubic yards 37209 



RAILWAY C1TTT1NG0. 

find the content from the General Table, as in the last Proble 
from which subtract the quantity answering to the given widtl 
and the ratio of side slopes from Table No. l f and the remainder, 
multiplied by the length* will be the content required, 

Note. If (lie length be given in feet, proceed »h in Example 3, last Problem, 
EXAMPLE. 

1 . Let the two sectional areas of a cutting be 4 7 51 and I£ 
square feet, the bottom width 36 feet, the length 3 25 chains, 
and the ratio of the side slopes 2 to 1 ; required the content ia 
cubic yards, 

s/-MH = 69 | content per General Table 6959 
V1296 sa 36^ 

For bottom width 36 and slopes 2 to 1, per 
Table No. 1 



! 



396 



Content for 1 chain in length $56$ 




19689 
1641 



Content for 3*15 chains 21330 cubic yds. 



Case II. — In measuring con tract worh f where great acv* 
required, the y^ths of a foot, or second decimals, must be u< 
the calculation, by taking for them -fath of their respecth 
quantities in Table No. 2. 
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EXAMPLE, 

The areas of seven cross sections of a 
railway cutting to the meeting of the side 
slopes and their distances are as in the 
annexed table; the bottom width is 30 feet, 
and the ratio of the slopes 1£ to 1 ; required 
the cubic yards in the cutting. 

A us. The con tent s per General Table, 

and Table No. 2, is 172318 cubic yards, 

from which the quantity corresponding to 

the gfotm bottom width and ratio of slopes 

X by the whole length, viz. 27 a x \$ = *^Q w&m yards 



mat. in 


AnMitnl 


chains. 


*i< foetj 





2727 


2-00 


8136 


6 00 


4221 


&00 


41 00 


1400 


5141 


1G-00 


3759 


1^0» 


2161 



ust be deducted, which leaves 16?5o8 cubic yards, the content 
juired. 

NOTK, For further explanations and Diimcrous examples of the methods 

' finding the contents of earthwork, aee Baker's Land and Engineering 

Ifing. See, also, Tate's Geometry, page 252. 




GENERAL RULE FOR FINDING THE CONTENTS 
OF SOLIDS, 

The wedge, the prismoid* the pyramids, and their frustums ; 
he whole or a segment, or any portion of the whole, contained 
ietween two parallel planes perpendicular to the axis of a sphere, 
f an ellipsoid, of a paraholoid, of an hyperboloid, may be found 
\j the following general formula. 

Let A and B be the areas of the ends of the solid, C the 
area of a section parallel to and equidistant from the ends, and 

the distance between the ends ; then 

m. 1M-* A + B + 4C T 
The solidity = — X L : 

The following investigation of this very general Rule was given 
iy B> Gompertei Esq., F.R.S., &c, in the Gentlemen's Mathe- 
matical Companion for 1822, 

Let & be the variable distance from a given point of another 
ition parallel to the two ends, and a, b, e be given quantities, 
the area of the said section will be a + b x + c £-, as this will 
contain the cases of the sections of the solids., enumerated in 
he Rule ; for instance, in the pyramid or cone, the area of the 
section may be expressed by c ar 3 in the wedge the areas may he 
pressed by a + 6 x + c x 3 , a t b> c being constant for the 
same point and wedge for any parallel section to a plane given 
position, as long as the section has the same number of 
sides. In the paraboloid all planes perpendicular to the axis, 
the given point he the vertex, will have the areas of their 
tions expressed by 6 a:. In the ellipsoid or hyperboloid, the 
joint being In that vertex of the axis about which it is re- 
olved, the area of the sections may he expressed by b x + c or 1 , 
being negative in the ellipsoid and positive in the hyper- 
iloid* And I observe from the method of equidistant ordi- 
tes in curves, or of sections in solids, see the method of 
itf'erenees, if A, B represent the areas <tf tira tossi cr^^i ^^ 










Q. E. I. 
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EXAMPLES ON THE FOREGOING RULE, 



h The length of a railway cutting is 5 chains or 110^ 
the top width and depth at one end are respectively 120 
30 feet, the top width ami depth at the other end are respec- 
tively 90 and 20 feet, and the bottom width 30 feet; require! 
the content of the cutting in cubic yards, 

Jtis. 20777^ cubic #a 

2* Required the content of a sphere, the diameter of which is 
12 feet. Ans* 33*5104 cubic yards. 

Note. Hera the areaa of tlio extreme sections arc each = 0. 

3. A cask is in the form of the middle zone of a sphere, its 
top and bottom diameters being 34 inches, and its height 30 
inches, inside measure ; how many gallons will it hold ? 

Ans. 14VT2. 

4. How many gallons are contained in a cask* in the form of 
the middle zone of a spheroid, the bung and head diameter h 

40 and 32 inches, and the length 36 inches, all internal measures 1 

Afis. 143^ imperial gallons* 

5. How many cnbie feet are there m a parabolic conoid, the 
height of which is 42j and the diameter of its base i34 inches ? 

Ans* 5 P 497H cubic feet 

6* A 5 inch cube of ivory is turned into a sphere of the same 
diameter ; what weight of ivory will he lost, its weight being 
1820 ounces (Av.) per cubic foot t Am t 6 1 "44 ounces, 
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TABLE No. 1.— THE AREAS OP SEGMENTS OP CIRCLES, DIAMETER UNITY. 


HiEghL 


Area tiegraonL 


Height. 


Area Segment 


Height, 


Area Segment 


'001 


•000042 


■050 


-014681 


'099 


'040276 


■002 


-000119 


'051 


'015110 


*lriN 


'040S75 


-003 


■000219 


'052 


■015581 


'101 


-041476 


'004 


'000337 


'053 


'016007 


■102 


'042080 


'005 


'000470 


054 


'016457 


■103 


'042687 


■006 


■000618 


'055 


'016911 


'104 


'043296 


-007 


■000779 


'056 


'017369 


'105 


'043903 


■oos 


'000961 


'057 


■017831 


'106 


•044522 


'009 


♦001135 


-058 


'013296 


■107 


'045139 


mo 


-001329 


'059 


'018766 


■103 


'045759 


Ull 


♦001533 


■oeo 


■019239 


'109 


•046381 


-012 


'001748 


-061 


'019716 


'110 


-047005 


-013 


"001968 


■062 


020196 


"111 


■047632 


-01 4 


■002199 


'063 


'020680 


-112 


■048262 


'015 


-002438 


064 


'021 16S 


'113 


-048894 


*oie 


002085 


'065 


-021659 


'114 


'049528 


-017 


'002040 


'066 


■022154 


'115 


■049165 


'018 


■003202 


'067 


-022652 


116 


.050804 


-019 


■003471 


'088 


■023154 


■117 


■050446 


•020 


■003748 


'069 


■023659 


'118 


'051090 


'021 


'004031 


'070 


'024163 


■110 


-052736 


•022 


'004322 


■071 


■024680 


'120 


'052385 


♦023 


'004618 


■072 


-025195 


'121 


-053036 


'024 


■004921 


'073 


-025714 


■122 


■054689 


■025 


'005230 


'074 


■026236 


■123 


'054345 


026 


'005546 


075 


'026761 


■124 


'055003 


■027 


*05867 


■076 


■0272S9 


■125 


■056663 


'023 


■006194 


'077 


'027821 


-126 


■056326 


•029 


'006527 


■078 


'028356 


♦127 


'057991 


•030 


'006865 


'079 


'028894 


'128 


■057658 


■ -031 


'007209 


'030 


■029435 


'129 


'058327 


♦032 


■007558 


-081 


-029972 


'130 


'059999 


-033 


'007913 


-032 


■030526 


*1S1 


■060672 


'034 


003273 


♦083 


■031076 


■132 


'061343 


'035 


'068698 


'084 


'031629 


'133 


■062026 


'036 


■009008 


'085 


-032186 


'134 


'062707 


■037 


■009383 


'086 


■032745 


135 


063389 


'038 


009763 


'087 


-033307 


'136 


'064074 


'039 


♦010143 


'038 


'033872 


'137 


'064760 


040 


'010537 


039 


'034441 


138 


■065440 


■041 


'010931 


'090 


035011 


139 


'06614O 


'042 


■011330 


■091 


'035585 


♦140 


'066S33 


-043 


'011734 


■092 


■036162 


'141 


■067528 


'044 


'012142 


■093 


■036741 


■142 


'068225 


■045 


'012554 


094 


■037323 


■143 


■063924 


'040 


■012971 


■095 


'037909 


'144 


'069625 


■047 


'013392 


'096 


'03S496 


■J45 


'070328 


'043 


-013818 


007 


■030087 


146 


"071033 


■049 


♦014247 


'09S 


'039680 


'147 


"071741 



Note. When the tabular height exceeds the heights given in this Table 
he segment must be divided into two equal parts and their common versed 
ine found by Prob. VI, page 26. The tabtdut W^&Vi\^«\%^ft&QBt 
his Table, whence the area of the 'whole Begm&\& trag \& foras&» 





\lM TABLES OF OFFSETS FOR RULWAY CtTRYSB. AND CORRECTION 






OB 1 LEVELt* FOR CURVATURE, ETC. 






No, 1 — Uflfetfi At the end of the fim chain from tangent point of railway curat* j 


R*diufl 


Onsets in 




Offketa in 


Radios 


O LTac U In 


Radius 


Offsets ia 


i -f i.'nrvy 


Inch ea and 


oi carve 


torim mi J 


of curve 


iuchea and 


1 of onrve 


iocht'* aad 


iuob.QA, 


•k-L-utmla. 


in «.- ! 1 1 1 - . 


.jf..-!l>i:iirt. 


in chaa. 


decimals. 


in chns. 


decimak. 


40 


9-9000 


64 


61875 


88 


45000 


120 


3-3000 


41 


9-6588 


65 


90923 


89 




122 




42 


94285 


66 


60000 


90 


4'4000 


124 


31935 ' 


43 


£-201*3 


67 


59104 


91 


43516 




3'luSG 


44 


6-0000 


68 


5'8235 


92 


4-3043 


123 


3142B 


45 


8*8000 


69 


57391 


93 


4-2581 


128 


30AS7 


46 


3*6087 


70 


5 6571 


94 


■i B12« 


130 


30461 


47 


8-4255 


71 


55774 


95 


4-1084 


132 




43 


S*25O0 


72 


5-5000 


96 


4*1250 


134 




49 


8-08] 6 


73 


54246 


97 




135 




50 


7-9200 


74 


5*3513 


98 


40408 


136 


S-dliT 


51 


7-7647 


75 


5-280O 


99 


4'0000 


133 


28045 


52 


76154 


76 


6-2105 


100 


3*9600 


HO 


2*8285 i 


53 


7-4717 


77 


5-1428 


102 


3'8824 


142 


27887 


54 


7 3333 


78 


5-0769 


104 


38077 


144 




05 


7*2000 


79 


5*0126 


105 


3*7714 


145 


2*7310 


£6 


7-0714 


80 


4-9600 


106 


3-7358 


146 




&7 


6'9473 


81 


4-8889 


108 


S-Mflt 


148 


2675*1 


58 


6*8276 


82 


48292 


110 


36000 


150 


2-6400 


59 


6-7118 


33 


47711 


112 


3'5362 


152 


26052 


«o 


6*6000 


84 


4*7143 


114 


3-4736 


154 


2-5714 


01 


6-4918 


35 


4-6588 


135 


S'44S5 


155 




€2 


0*3871 


86 


4-6046 


116 


3*4138 


156 


2 53S4 


83 


62S57 


S7 


4-6517 


118 


S-3JSM 


158 


25063 


TA1SI.I 


< «JK iXH 


RECTI ON £ 


J FOR CI 


IRVATURE 


, Etc, 




No. ».— I 


wva b« 


twaon apt 


oxi pi and 


Ho, 4.—] 


ntfenmea U* 


'tween apparei 


tmei 


level for dj« 


Luncflfl in i 


hftiiiH. 


true 


level for dii 


baaoea \t\ 


mika 


Cat 


PinHEnii in .1 


acimala erf 


bat 


Corrofttinn in font mid decimals. 


L) la Lull co 


For cur Ni- 


Diataaua 


Fur H-irv:i- 


Dlata&M 


For curva* 1 


Dl»t ,-iU'JV 


For ournr 


111 


ton* mid 


in 


tuvo and 


in 


turo and 


in 


tunj and 


chains. 


njfractltm, 


i-h,unH, 


refraction.. 


mile*. 

T 


rcfraetiom 


miles. 


refraction 


H 


'001 


14 


'017 


*08 


10 


6717 


4 


'002 


144 


'019 


*]5 


M_\ 


61 '30 


n 


*002 


15 


*020 


i 


-32 


11 




5 


003 


154 


*021 


1 


'58 


U| 


75 >59 


■ N 


*0Q3 


16 


023 


H 


1-29 


12 


82*29 


6 


'003 


ie§ 


■M-l 


2 


929 


124 


89-29 


04 


'004 


17 


028 


H 


3o7 


13 




7 


*004 


174 


027 


3 


5-14 


134 


104-14 


H 


>m 


18 


*O20 


34 


700 


14 


112*00 


8 


■006 


1SJ 


■031 


4 


915 


14 1 


12015 


*4 


■006 


19 


■033 


4 


11-H2 


15 


128-57 


9 


'007 


194 


■034 


5 


14*29 


m 
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H 


-008 


20 


036 


54 


1730 


16 


14629 


10 


*0d9 


201 


'038 


6 


20-58 


164 


155-57 


104 


*009 


21 


'039 


64 


2415 


17 


105*15 | 


n 


•011 


214 


*041 


7 


23*01 


m 


175-00 


ni 


*ia 


22 


*043 


74 


321G 


18 




12 


nl;', 


224 


•046 


3 


3659 


184 


195*59 


/ *** i 


f -Mi 


S3 


■047 


; H 


. 4131 
\ Wtto 


19 


200*29 


/ j* y 


<016 


831 


■041* 


\ » 


\ V*\ 




( / 




24 


•061 


H 


\ » 
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— i Ditto, with the Greek Grammar, bound in cloth . 

Ditto, with Ditto, in half morocco, gilt, marbled edges . . . 6*. t 

GOODWIN'S Latin and English and English and Latin Dictionary, 2 Tola in 1, 
bound in cloth ............ fit 1 

Ditto, in half morocco, gilt, marbled edgea 

— Ditto, with the Latin Grammar, bound in cloth . . . m la I 

Ditto, with Ditto, in half morocco, gilt, marbled edge* 

EL WES S French and English and English and French Dictionary, 2 vola. in 1, 

in cloth ....... U 

Ditto, in half morocco, gilt* marbled edges ...... 

Ditto, With the French Grammar, bound in cloth . ' . . . ia 

Ditto, with ditto, in half morocco, gilt, marbled edges - 

FRENCH am) English Phrase Book, or Vocabulary of all Conventatlonai Words, 

clab-iratoLy But forth for Travelling Use, as a Self- Interpreter, bound , . li I 
ELWES'S Julian, English, and French,— English, Italian, and French,— Flench, 
Italian, and English Dictionary, 3 vela. In 1, bound in cloth . , fk 

Ditto, in half morocco, gilt, inarbled edgea . , _ . « . 8jl 

w m Ditto, with the Grammar, bound in embossed cloth, marbled edgea 8a. - 

Ditto, with Ditto, in half morocco, gilt, marbled edges . 

ELWES'S Spanish and English and English and Spanish Dictionary, 4 vols, in 1, 

hound in cloth . , . . 

— -"* ■ Ditto, in half morocco, gilt* marbled edges . 

Ditto, with the Grammar, bound In cloth .... 

Ditto, with Ditto, in half morocco, gilt, marbled edges * 

HAMILTON 3 English, German, au'l French,— Gorman, French and 3 
Fraud], Germao, and English Dictionary, 3 vols, to J, buund in cloth. 

■ » ■' Ditto, In half morocco, gilt, marbled edges , 

Ditto, with the Grammar, bound la embossed cloth, marbled edges 

Ditto, with Ditto, in half moroccr>, gilt, marbled edgea 

BUE^LAU'M Hebrew and English Dictionary, with the Grammar, 3 Tola, 1 

I tit cloth 

Ditto, 3 volt, in L in half morooeo, ft*. oU— VTith vol. 4; English and 

Uobrow liU. 




Nov: in the course of PabMcati&nf 

GEEEK AND LATIN CLASSICS. 



PRICE ONE SHILLING PER VOLUME. 
Except in Some Instances, and those are at It. 6tf, or 2s. each 

TZBT MVATLT PRINTED ON GOOD FAFltft, 

A SERIES OF VOLUMES 



CONTAIN ISO TJIK 



PKIKCIPAI GEEEK AND LATIN ATJTHOKS, 




ACOOMFANTMD JUT 

EXPLANATORY ITOTR9 IN ENGLISH, PRINCIPALLY SELECTED FBOM 
THE BEST AND MOST RECENT GEBMAH COMMENT ATOE8, 

1VD COMPRISING 

All tboee Wort 3 that are e«enttal for the Scholar and tha Pupil, and 
applicable for use at the Universities of Gifurd, Cambridge, Edinburgh, 
Glasgow, Aberdeen, and Dublin, — the Colleges at Belfast, Cork, Gal way, 
Wine boater, and Eton, and the great Schools at Harrow, Rugby^ &c, — 
also for Private Tuition and Instruction, and for the Library. 

Vole. 1, 2, 3, 4, 5, 6, 7, 8, & ( 16, 17 of the Latin Seriea have appeared. 

Of the Greek Series, vols. 1, 2, 3, 4, 5, fl, 9, 18, 41 also have been 

published, and will be regularly continued. 



LATIN SERIES. 






A New LATfN DELECTUS, on Introductory Classic At RtAUKfc, consisting Of 
Extracts from tb« best Authors, ay ate nia tically arranged; accompanied by 
Gram rmtlcal and Explanatory Notts and Cupiuus Yotiabularteti. 

OjESAR'3 COMMENTARIES ON THE GALLIC WAR; wita Grammatical 
aiiij Explanatory Notea in English, a ad a complete Geographical Index. 

CORNELIUS NEFOa ; with Eugttsh Noted, &c. 

VI RO 1 L. Th b G EOROTca, Buoauca, *kd nouuTFuL Works ; with English Notes, 
uljiefly EVom the- German, 

VI ft GIL'S J2NEID (on the same plan as tho preceding). 

HORACE, Odes and Epodss; with English Nutea, an Analysis of each Oda, 
:uni a Pull explanation of the metres. 

HORACE. S ATI bbs and Epistlks, witli English Notes, &c. 

SALLUST. Cowspia.icv or CatiUNE, and JuGuRfttiNM Wa*. 

TERENCE. AlanaA and Hsaotontibioivumiekos. 

TERENCE, Prurmio, Adelpuj, and Usoyra* 

CliiEHO. Orations: against Catiline; roR Bulla, fo* Archias, and fob 
Tiia Manilmn Law, 







GREEK AND LATIN CLASSICS. 



\*L CICERO, Prnsr axp Second Fitmracs ; Orations for Milo, foe MAfrmin, 

AND JOB LlGAHltifl. 

13. CICERO. Da Orncns. 

14. CICERO. DE AMJCITIA, db SKITICTCTBj and BxtUTL't, 

lfi. JUVENAL AND PERSIUS. 

lfi. L1VT. Books 1. to V. T in 2 parti. 

IT. LIVY, Books XXI. and XXI L 

15. TACITUS. Aoriooua ; Geii»anja ; and Akhau, Book 1 
10, SELECTIONS FROM TIBULLUB, OVID, FROFERTrUS, AND LUC 
SO, SELECTIONS PROM SUETONIUS, AND THE LATER LATIN WRIT 



GREEK SERIES. 



a. 

4. 

tV 
It 

m 
n. 
it. 

11 

14. 
IB. 
10. 

IT. 

11 
10. 
SO, 
1L 



INTRODUCTORY GREEK 

READER. On the same plan u 

the Latin Reader. 

XENOPnON, Anabasis, L,IL, 1TJ. 

XENOPHQN. Anabasis, IV., V, 

VL, VII. 

Select Di alooues. 
Iliad, I. to VL 
Illab, VII. to XII. 
Iliac, XIII. to XVIIL 
Iliad. XIX. to XXIV. 

ODl i BSE¥ r L tO VL 
ODYSflKT, VII tO XII. 

OotsaET, XI IL to XVIIL 
Ody^skv, XXX. toXXTV.; 

AKP HTMHfl, 

PLATO. Apol&ot, Cairo, Aim 

Fhjebo, 
HERODOTUS, I. p II. 
HERODOTUS, ILL, IV. 
HERODOTUS, V., VL, *d<J part of 

VIL 
HERODOTUS, RenmlD.de r of VIL , 

VIU., aod IX. 
SOPHOCLES. OSdipus Rex. 
SOPHOCLES, (Edifub Colon eus. 
SOPHOCLES. ANTIGONE. 
SOPHOCLES, Ajax. 
SOPHOCLES. Ymuoctm*. 



LUCIAN, 
HOMER 
HOMER, 
HOMER, 
HOMER 
HOMER 
HOMER 
HOMER. 
HOMER 



BS, 

55- 
26. 

2g. 



30. 
SL 
32* 

33, 
34, 
35. 
36. 
87. 
83, 
30. 
40. 

4L 
42. 
43. 
44. 
45. 
44. 



EURIPIDES. 
EURIPIDES. 
EURIPIDES. 
EURIPIDES. 



Hsccea, 

Medea. 

BjppoLytos. 

ALf.ESta. 



KUiiPiDK.a, Qmmm 

EURIPIDES. ExmAOM WtOM 

Kr vain-no Plate, 
SOPHOCLES. Extract* nuttf 1 

Remaining Plays. 

j£3CHYLUS, PKOMETHEDBV^m^ 

AESCHYLUS- Feb&jl 
-EHCHYLUS. Beftem qomtea Tea- 
baa. 

JSSOHYLUS. CuoEFaoft^K. 
^BCHYLUS. EtJAtEKiDEa. 
^SCHTLUS, AQAioamoir. 
JESCHYLUS. SuFFLicEa, 
PLUTARCH. Select Ljy«s> 
ARISTOPHANES, CUHTDfl. 
ARISTOPHANES. Feme, 
ARISTOPHANES. @KT.Ecnow*rBOil 

the Remaining Comedies, 
TEUCYDIDES, I. 
THUQTD1DEB, IL 
THEOCRITUS. BEUCCT IDTL*. 
PINDAR 
I SOCRATES. 
HESIOD. 



Preparing for Publication, 

ORATORY AND PUBLIC SPEAKING. 

A FIRST BOOK foi* Youths of Ten Yearn of Ajjo, of well R&lectcd RaadlDgE, and for 
Practice id Oratory and the inculcation of Elocution ; adapted far Recitations and 
Gesture, and the improvement of Voice and FronunciALiou. To bo used In School' 
and for ilcame Instruction, 

SECOND BOOK for Youth of Fifteen Yearn of Age and upwards. Readings, 
Speaking, Pronunciation, and Elocution, lor Public and Private Schools,, and lor 
H omo Practice* 

THIRD BOOK for Young Men, for Public Speaking, Legislative, Legal, Ac., Recite- 
tfatiM in Sehmln and Colleges, selected from the best Greek, La, tin, and EngUeb 
4utbors> 



In one Volume largt 8fo., with 18 Flatet y Price One fftrimm, 
in half ^morocco binding, 



MATHEMATICS 

FOR 

PRACTICAL MEN: 

BEING 

A COMMON-PLACE BOOK 

OP 

PUKE AND MIXED MATHEMATICS, 

DESIGNED CHIEFLY FOB THE USB OF 

CIVIL ENGINEERS, ARCHITECTS, AND SURVEYORS. 



BY OLINTHUS GREGORY, LL.D., F.R.A.S. 



THIRD EDITION, REVISED AND ENLARGED. 
BY HENRY LAW, 



C1YIL EVGIBESB. 




MATHEMATICS FOB PRACTICAL 1EKH 



CONTENTS, 



PAET I.— PUHE MATHEMATICS. 



CHAPTER L— AwTiiMiTio. 

mm 

1, Definition! and Notation. 

2. Addition of Whole Number*. 
& Subtraction of Whole Number*, 
i. Muttiplkntiod of Whole Number!. 
& Dmaicnt of Whole Numbers, — Proof of 

the lint Four Rule* of Arithmetic, 
d, ^ulgar Fraction*, — Reduction at Vul- 
|V Fraction** — Addition and Sub- 
traction of Vulgar Fraction!. — Mul- 
tiplication and IHyiuoq of Vulgar 
Friction*. 

7. Decimal Fraction** — Reduction of 

Decimal*. — Addition and Subtrac- 
tion of Decimal*. — Multiplication 
and Dmaton of Decimals. 

8. Complex Fncbou oatd Is Ota Art* 

and Commerce, — Reduction. — Addi- 
tion. — Subtraction and Multiplica- 
tion.— t>i viuaa. — Ihtod eciotala, 

9. Vnweri and Root*,— Etolution. 
10. ftwsrtietk— R*l* of Three,— Deter* 

wioafcon af 
U. lWritiuak Arithmetic*— Fie of toe 
TaWe* — Multiplication and Dt " 
•j Lagaritau&v — Proportion, or taw 
Rule *f Three, bj Logarithm*. — 
byl-r 




SlCT. 

9 r Qnadratic Rqnationi. 
10* Equations in General* 

11. Progrejiaion, «- Arithmetical P«j 

sion, — Geometrical Progression. 

1 2. Fractional and Negai'Te Exponent*, 

13. Logarithm*. 
1 i* Computation of Formulae. 

CHAPTER HL— Gtomxtu, 

1. Definition!. 

2. Of Angles, and Right Line*, and lack 

Rectangles. 

3. Of Triangle*, 

4. Of Quadrilateral! and Polygons, 

5. Of the Circle, and Inscribed and < 

cnnucribed Figures. 
6 Of Plane* and 3ohd*, 
7* Practical Geometry. 




TAKT JL— MIXED MATHEMATICS. 
CHAPTER I a — Hkobasios ht GmraaAi. [ CHAPTER XT.— Hxdhoot Alice* 



MATHEMATICS FOB PRACTICAL MEN 



CHAPTER YL— Come Bsomm 

1, Definitions. 

% Properties of the Ellipse* — Problems 
relating to the Ellipse. 

3, Properties of the Hyperbola* — Pro- 
blems relating to the Hyperbola, 

4* Propertiet of the pEirabiila. — Problems 
relating to the Parabola. 




CHAPTER VII. — PaoPEBtws I 

Dow 

Sacr. 

1. Definitions. 

2. The Conchoid, 

3. The Cissoid* 

4. Th* Cycloid and Epicycloid. 

5. The Quadratrix, 

6. Toe Catenary.— Tablet of Relation 

of Catenarian Curvet, 



CHAPTER U— Stahob. 

1. Statical Equilibrium. 

2. Center of Gravity. 

3. General application nf Ike Principle* 

of Statics to the Equilibrium of 
Structures. — Equilibrium of Piers 
or Abutments. — Pristine of Earth 
ageinnt Walk— Thickness of Walk. 
— Equilibrium of Poly gout, — Sta- 
bility of Arches. — Equilibrium of 
Suspension Bridges. 

CHAPTER III,— Dynamics. 

1, General Definitions, 

2, On the General Lawi of Uniform ani 

Variable Motion. — Motion uniformly 
Accelerated* — Motion of 13 o dies un* 
der the Action of Gravity— Motion 
over a fixed, Pulley, — Motion on 
Inclined Planes. 

3, Motioiu about a fixrd Center, or Axil. 

. — Centers of Oscillation and Per- 
cuiiion. — Simple and Compound 
Pendulums. — Center of Gyration* 
and the Principles of Rotation, — 
Cent ml Forces.— Inquiries connected 
with Rotation and Central Forces. 

4, Fercuation or Collision of Bodies in 

Motion. 
6, On the Mechanical Powers. — LoTm. 
—Wheel and Axle.— Pulley.— In^ 
oliued Plane. — Wedge and Screw, 




1. General Definitions. 

2. Pressure and Equilibrium 

elastic Fluids, 

3. Floating Bodiei. 
4< Specific Gravities, 

5- On Capillary Attraction. 



of No* 



CHAPTER V— -Hn>RODTNAMioi 

1. Motion and Effluence of Liquid*. 

£. Motion of Water in Conduit Hpw 

and Open Canal i r over Weirs, cVo. — 

Velocities of Rivers, 
8. Contrivances to Measure the Telocity 

of Running Waters. 



CHAPTER YI<— PirennATiOB. 
Weight and Equilibrium of Air 

Elastic Fluids* 
Machines for Raising Water by the 

Pressure of the Atmosphere. 
Force of the Wind. 



- 



CHAPTER TIT.— Mechanic al Agbttb, 

1. Water as a Mechanical Agent. 

2. Air at a Mechanical Agent — Cou* 

lomb't Experiments, 

3. Mechanical A gen It depending npon 

Heat. The Steam Engine. — Table 
of Pressure and Temperature of 
Steam.— Genera] Description of the 
Mode of Action of the Steam Bfcgineu 
— Theory of the Steam Engine,— 
Description of the various kinds of 







MATHEMATICS FOE PRACTICAL MEN. 



Engine*, and the Formats for caleu- 
1a tin g their Fewer. — Practical appli- 
en Lion of the foregoing Formula;, 
4 . A aim*) Strength ■» a Mechau kal Agen L 

CHAFTEB VI1L — Stetoth of 

ilATERlAU. 

1. Remit* of Experiment*, and Principles 

upon which the y should be practically 
Wpf/ML 

2. Strength of Materials to Eeaiit Tensile 
and Crushing Strains.— Strength of 



Col Lira na. 



Skt. 

3, Kluttdtj and Elongation of Bw 

subjected to a Crushing or f 
Strain. 

4. On the Strength of Material! subjecte 

to a Transverse Strain. — Longi I 
turtinsJ form of Beam of uniform \ 
Strength. — Transverse Strength rrf j 
other Materials than Cast Iron.— 1 
The Strength of Be* mi according U> | 
the manner in which the Load i 
distributed. 

5, Elasticity of Bodies subjected 

Tranavetw Strain. 

6. Strength of Materials to resist Tories, 



APPENDIX 



I. Table of Logarithmic Differencea. 
II, Table of Logarithms of Numbers, from 1 to 100. 
III. Table of Logarithms of Number*, from 100 to 10,ODG. 
1V + Table nf Logarithmic Sines, Tan genu, Secants, &c. 

V t Table of Useful Factors, extending to several places of Decimals, 
VI. Table of rations Useful Numbers, with their Logaritbma. 
Til- A Table of the Diameters, Areas,, and Circumferences nf Circles arid also th 
aides of Equal Squares. 
VI 11. Table of the Relations of the Arc, Abscissa, Ordinate and Subnormal, in I 
Catenary, 
IX. Tables of the Lengths and Vibrations of Pendulums. 
X. Table of Specific Gravities, 

XL Table of Weight of Materials frequently employed In Construction. 
XII. Principles- of Chronometers. 
XI IT. Seleut Mfchaniral Expedients. 

XLV. Ohaervationa on the Effect of Old London Bridge on the Tides, Ac 
X7. Professor Pariah on Iaometrical FerapeciiYe. 



In lGttiD.! in boards, comprising 390 pages, price 5a, 

A SYNOPSIS OF PRACTICAL PHILOSOPHY, 

alphabetically arranged, containing a great variety of Theorems, Forma 
anil Tables, from the most accurate and recent authorities in various bri 
of Mathematics and Natural Philosophy : with Tables of LogaritLms. 

By the Rev, JOHN CARR, M.A., late Fellow of Trinity College, Cambridge, 

John Weale 3 * Catalogue of hi* Publication* of Work* on Architecture, 
Civil, Mechanical, Military t and Nata i Eng ineeHng t gratis ,* if % pout , Id, 




HINTS 

% TO 

YOUNG ARCHITECTS: 

COMPRISING 

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ABE DESTINED 
TO THE PROFESSION; 

SUCH AS, HAYING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL 

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION, 
ARE ABOUT TO PRACTISE: 

TOGETHER WITH 

A MODEL SPECIFICATION: 

INVOLVING A GREAT VARIETY OF INSTRUCTIVE AND 8UGGESTIVE MATTER 
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS; 

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE 
AGENTS OP THEIR EMPLOYERS, 

AND AS THE RIGHTFUL JUDGES OF A CONTRACTOR'S DUTY. 

By GEORGE WIGHTWICK, Architect. 



CONTENTS :— 



Preliminary Hints to Young Archi- 
tects on the Knowledge of 
Drawing. 
On Serving his Time. 
On Travelling. 
His Plate on the Door. 
Orders, Plan-drawing. 
On his Taste, Study of Interiors. 
Interior Arrangements. 
Warming and Ventilating. 
House Building, Stabling. 
Cottages and Villas. 
Model Specification : — 

General Clauses. 

Foundations. 

Well. 

Artificial Foundations. 

Brickwork. 

Rubble Masonry with Brick 
Mingled. 



Model Specification : 

Stone-cutting. 

— , Grecian or Italian only. 

— , Gothic only. 

Miscellaneous. 

Slating. 

Tiling. 

Plaster and Cement- work. 

Carpenters' Work. 

Joiners* Work. 

Iron and Metal-work. 

Plumbers* Work. 

Drainage. 

Well-digging. 

Artificial Levels, Concrete, 
Foundations, Piling and 
Planking, Paving, Vaulting, 
Bell-hanging, Plumbing, and 
Building generally. 




TRANSFER, MANAGEMENT, OE IMPROVEMENT 
LANDED PEOPEETY: 



THEOREMS, FORMUUE, RULES, AND TABLES 



BY, MENSURATION, AND TRtOONOMtTRT ; LAND MtASUE-TIO, 
AND LEVELLIfiO ; RAILWAY AND HYDRAULIC ENGINEERING ; TIMBER ItEAJCl* 
1NQJ TBX VALUATION OF ARTIFICERS* WORK* ESTATES, LEASEHOLDS, LETEHOLD^ 
ANNUITIES, TILLAGES, FAILMIJfO STOCK, AND TENANT EIGHT | THE AQSKSAXIJT 
OF FARJEHEIL HAlLWAYa, GAS AND WATER WORKS; THE LAW OF DILAFZDA- 
TtOwa AND NUISANCER, APPRAISEMENTS AND AUCTIONS, LANDLORD AXD 
TENANT, AGREEMENTS AND LEASES^ 

TOGETHER WITH EXAMPLES OF VILLAS AJO> COUNTRY HOUSES. 



BY EDWARD RYDE, 

CtYjl Engineer *nd Land Surveyor, Author of ievettl IrofosuoDRl Worst, 

TO WHICH ASM ADDED BEYERAL CHAPTERS OK 

AGRICULTURE AND LANDED PROPERTY. 
BY PROFESSOR DONALDSON, 

Author Of ■BTflf&l WoAi on Affrjcultttrt, 
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CONTENTS 

Chaptie L— Arithmetic. 1. Rotation — % Proof of the First; Four 
Rules— 3, Vulgar Fractions — 4. Decimals — 5. Duodecimals — 6. Powers 
and Roots — 7* Properties of Numbers — 8. Logarithms and Mathe- 
matical Tables* 

IL — Plane AND Solid Geometry, 1. Definitions—!!, Of Angle* 
and Right Lines, and their Rectangles — 3. Of Triangles — 4* Of Quad* 
rilaterals and Polygons — 5. Of the Circle, and Inscribed and Circum- 
scribing Figures— 6. Of Planes and Solids — 7. Practical Geometry, 

III, — Mensuration. 1. Comparison of English and French Weights 
and Measures— 2. Mensuration of Superficies — 3. Mensuration of Solids. 

IT. — TttiaOtfOMETRT, L Definitions and Trigonometrical Formulae— 

General Propositions — & Solution of the Cases of Plane Triangles, 

Yi^Conio Sections. 

VI. — Land Measuring. Including Table of Decimals of an Acre— 
Table of Land Measure, by dimensions taken in yards, 

VII.— Land Surveying. L Parish and Estate Surveying — 2. Trigo- 
nometrical Surveying — 3* Traverse Surveying — 4, Field Instrument^ 
the Prismatic Compass; the Box Sextant; the Theodolite. 

VIIL — Levelling. Levelling Instruments, the Spirit Level; the Y 
Level; Trough ton's Level; Mr. Gravatt's Level; Levelling Staves— ■ 
Examples in Levelling. 

IX— Plotting. Em bracing the Circular Protractor — The T Square 
and Semicircular Protractor — Plotting Sections. 

X. — CoKPOTA-notf of Areas. The Fediometer— The Computing 
Scale — Computing Tables. 

XI. — Copying Maps. Including a description of the Pentagraph. 

XII* — Railway Surveying. 1. Exploration and Trial Levels; 
Standing Orders*— 2, Proceedings subsequent to the Passing of the Actj 
Tables for Setting out Curves; Tables for Setting out Slopes; Tables of 
Relative Gradients ; Specification of Works to be executed in the con- 
struction of a Railway ; Form of Tender. 

XIIL— Colonial Surviving. 

XIV,— Hydraulics in connection: wrra DRAiNAQi, Sewerage, 
ND Water Supply.— With Synopsiu of Ryde's Hydraulic Tables — 
peci 5 cations, Iron Pipes and Castings ; Stone- Ware Drain Pipes ; Pipe 
aying; Reservoir. 

XV. — Timber Measuring. Including Timber Tables, Solid Measure, 
Unequal Sided Timber ; Superficial Measure. 

XVL — Artificers 1 Work. 1. Bricklayers' and Excavators' — 2* 
Slaters* — 8. Carpenters' and Joiners' — 4. Sawyers* — 5, Stonemasons' — 

Plasterers' — 7* Lonmongers^S. Pointers' — 9. Glasders* — 10, Paper 

angers'. 

XV IL— Valuation of Estates. With Tables for the Purchasing of 
Freehold, Copyhold, or Leasehold Estates, Annuities, and AdvowBoni, 
and for Renewing Leases for Terms of Years certain and for Lives, 

XVJIl.— Valuation of Tillages anb Teh ant Bight, With 
Tables for Metis uring and Valuing Hay Ricks. 
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XIX.— Valuation or Parihees, 

XX. — Builders" Prices, 1, Carpenter* 1 and Joiners* — % Masons' - 
8* Bricklayers' — A, Plasterers* — 5. Ironmongers* — $. Drainers*—!. 
Plumbers* — 8. Paintera' — 9* Paper Hangers' and Decorators'— 10. 
Glaziers* — 11. Zinc Workers'— 12. Coppersmiths* — 13. Wire workers'. 

XXJ. — DtlapIDATIOHB and NrjiaAHOia, 1, General Definitions— 2. 
Dilapidations by Tenaota for Life and Y earn— 8, Ditto bj Mortgagee or 
lortirator — 4. Ditto of Party WaLU and Fences — 5. Ditto of Highwayi 
and BriHgee — 0. Nuisances. 

XXII.— Tre Law relating to Appraisers and AucTJONEsm 1 
Tbe Law relating to Appraisementa— 2. The Law of Auction, 

XXII L— Landlord and Tenant. 1. Agreements and Leaaea— 1 
Notice to Quit — 3. Distress — 4, Recovery of Possession. 

XXIV- —Tables. Of Natural Sines and Cosine*— For Reducing 
Link a into Feet — Decimals of ft Pound Sterling. 

XXV.— Stamp Laws, — Stamp Duties — Customs' Duties, 



EXAMPLES OF VILLAS AND COUNTRY HOUSES. 



ON IAKDED PEOPEBTT, Bt Professor DoKALuaoK, 



I, — Landlord and Tenant — their Position and Connections. 

II. — Lease of Land, Conditions, and Restrictions; Choice of Tenant 
and Assignation of the Deed, 

III, — Cultivation of Land, and Rotation of Crops. 

IV. — Buildings necessary on Cultivated Lands — Dwelling Bo 
Farmeries, and Cottages for Labourers. 

V. — Laying-out Farms, Roads, Fences, and Gates, 

VL — Plantations — - Young and old Timber. 

VII. — Meadows and Embankments, Beds of Rivers, Water Cotireet, 
and Flooded Grounds. 

VIII. — Land Draining, Open and Covered, — Plan, Execution, i 
Arrangement between Landlord and Tenant 

IX. — Minerals — Working and Value, 

X* — Expenses of an Estate — Regulations of Disbursements — and 
Relation of tbe appropriate Expenditures. 

XL^Valuatii>a of Landed Property ; of tbe Soil, of Houses, of Woodsj 
of Minerals, of Manorial Rights, of Royalties, and of Fee Farm Rents. 

XI h — Land Steward and Farm Bailiff : Qualifications and Duties. 

XIII. — Manor Bailiff) Wood re ve, Gardener, and Gamekeeper— their 
Position and Duties. 

XIV. — Fixed days of Audit — Half- Yearly Payments of Rente — Form 
of Notices, Receipts, and of Cash Books, General Map of Estates, and of 
eadi separate Farm — Concluding Observations. 



lotnes, 
trees* 
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i volt, royal 8vo, illustrated hj 138 engravings bad 92 wood-cuts, bound 
3 vols, half- morocco, price £ 4. 10*. 

THE THEORY, PRACTICE, AND ARCHITECTURE 

OF 

RIDGES OF STONE, IKON, TIMBER, AND WIRE; 

WITH EXAMPLES ON THE PRINCIPLE OF SUSPENSION, 

DIVISIONS OF THE WOItK. 

heory or Bridges. By Janies Hami, King's College, London. 
KNEii.u Principles of Construction, &c. Translated from Gauthey, 
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